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C A L L F O R A B S T R A C T S
The conference organizer s encourage i n v e s t i g a t o r s to submit abs tract s for po s t er p r e s e n t a t i o n s on asbestos-associated noncancer and cancer h e a l t h e f f e c t s and r e l a t e d areas. The p r i m a r y o b j e c t i v e of the c on f e r enc e i s toimprove th e s c i e n t i f i c f o u n d a t i o n f o r h e a l t h risk assessments o f asbestos, f o c u s i n g p r i n c i p a l l y on n o n o c c u p a t i o n a lexposures. A b s t r a c t s s ubmi t t ed s h o u l d f a l l into one o f t h e f o l l o w i n g f i v e s u b j e c t areas:

(Please see the Asbestos Health Effects Conference Web site for instructions on how to submit.)
M i n e r a l o g y and m o r p h o l o g i c a l charac ter i s t i c s o fd i f f e r e n t f i b e r types:

S t r u c t u r a l charac t er i s t i c s , s u r f a c e chemis try andother phy s i c o- ch emi ca l a t t r i b u t e s , p a r t i c u l a r l y wi threspect to how these may (or may n o t ) a f f e c tc a r c i n o g e n i c i t y , g e n o t o x i c i t y , or f i b r o g e n e s i s .
Assessment of exposure to d i f f e r e n t t y p e s ofasbestos in nonoc cupa t i ona l s e t t ing s:Asse s sment of i n h a l a t i o n exposure s or p o t e n t i a li n h a l a t i o n exposure s due to the presence o f d i f f e r e n tt y p e s o f asbestos in s o i l , mil l ing wastes, and consumerp r o d u c t s , as we l l as indoor r e s i d e n t i a l exposures. Ofs p e c i a l interes t would be me thod s for e v a l u a t i n ge p i s o d i c exposures.
I m p a c t s on human h e a l t h :

E p i d e m i o l o g i c a l s t u d i e s e x a m i n i n g t h e r e l a t i o n s h i p s o fexposure to d i f f e r e n t asbestos f i b e r t y p e s andvarious h e a l t h e f f e c t s , i n c l u d i n g , bu t no t l i m i t e d t o ,m e s o t h e l i o m a , l u n g cancer, other cancers,asbes tos i s , and n o n m a l i g n a n t p l e u r a l disease.

T o x i c o l o g i c a l inve s t iga t i on s:S t u d i e s o f t o x i c o l o g i c a l mechani sms of action ofasbestos. Relevant t o p i c s i n c l u d e c e l l u l a r a n dm o l e c u l a r mechani sms u n d e r l y i n g n o n n e o p l a s t i s a n dn e o p l a s t i c re sponse to asbestos; the i n f l u e n c e o ff i b e r t y p e a n d expo sure concen tra t i on (i.e., f i b e rd i m e n s i o n s and s u r f a c e c h e m i s t r y ) ; and t i s sues p e c i f i c (e.g., l u n g parenchyma, p l e u r a , p e r i t o n e u m )responses. A l s o , host f a c t o r s which i n f l u e n c eresponse to asbestos f i b e r s .
Risk assessment methods:M o d e l s f o c u s i n g in p a r t i c u l a r on e s t i m a t i o n o fp o t e n t i a l h e a l t h risks r e la t ed t o e xpo sure s ( i n c l u d i n ge p i s o d i c e xpo sur e s) t o d i f f e r e n t asbestos f i b e r type sin env ironmenta l media , consumer p r o d u c t s , andother s e t t i n g s .

Abstracts must be receivedby A p r i l 16,2001.

Asbes to s H e a l t h E f f e c t sC o n f e r e n c e
May 24-25, 2001O a k l a n d , CA

J o i n us...
f or t h i s c on f e r enc e t o improve th e s c i e n t i f i cf o u n d a t i o n f or h e a l t h risk asses sments o f asbestos.

Our f o c u s will be on these t o p i c s :* asbestos m i n e r a l o g yexpo sur ee p i d e m i o l o g ymechani sms of t o x i c i t yc a r c i n o g e n i c i t yrisk assessment

***
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A S B E S T O S H E A L T H E F F E C T S C O N F E R E N C E
The pr imary o b j e c t i v e of the conference is toimprove the scientific foundation forhealth risk assessments of asbestos,f o c u s i n g p r i n c i p a l l y on nonoccupationalexposures. I n c l u d e d wi l l be pr e s en ta t i on s andposters on asbestos mineralogy, exposure,e p i d e m i o l o g y and mechanisms of t o x i c i t y andcarcinogenicity. The conference w i l l c onc ludewith a d i s c u s s i o n on the i m p l i c a t i o n s for riskassessment methods and model s ,

f o c u s i n g on the p o t e n t i a l h e a l t h risks r e la t ed tononoccupat ional exposures to d i f f e r e n t asbestosf i b e r t y p e s o r f i b e r d i m e n s i o n s . T h e conferencew i l l in c lud e broad international p a r t i c i p a t i o n froms c i en t i s t s in government, academia and theprivate sector, and will i d e n t i f y issues that needto be addre s s ed in the next g enera t i on of riskassessments to characterize the h ea l th risks of
n o n o c c u p a t i o n a l exposure s to asbestos.

P R E L I M I N A R Y PROGRAM
Session 1. M i n e r a l o g y & ExposureAssessmentChair: Bruce Case, McGill University, Canada
J o h n A d d i s o n , J o h n A d d i s o n C o n s u l t a n c y , S c o t l a n d

"Asbestos": Which physical and mineralogicaldifferences can or should form the basis forcategorization, and how well can these categories be
reproducibly separated and distinguished in the field?Patrick Sebas t ian, M c G i l l Univer s i ty , C a n a d aMeasuring asbestos exposure in the field: samplingenvironments (air, settled dust, materials);sampling strategies; sampling instruments; andcurrent exposuresBruce Case, McGill University, CanadaLung-retained fiber as a marker of retainedenvironmental dose: Strategies, advantages, pitfalls,and coordination with epidemiological methodsGunnar H i l l e r d a l , Karol inska H o s p i t a l , SwedenRadiological changes as markers of environmentalexposure and environmental risk of lung cancerand mesothelioma

Session 2. E p i d e m i o l o g yChair: Julian Peto, Institute of Cancer Research,England
J o h n Dement, Duke Univers i ty, USA

Differences in carcinogenicity between asbestos typesCorbett McDonald, N a t i o n a l Heart and LungI n s t i t u t e , E n g l a n dCarcinogenicity of fibrous tremolite in workplace and
general environmentsMarcel Goldberg, INSERM, FranceNonoccupational exposure to mineral fibers - whatare the key determinants of exposure related toincreased risks for mesothelioma and lung cancer?

Sess ion 3. T o x i c o l o g y , P a t h o l o g y ,Mechani sms
Chair: Kevin Driscoll, Proctor and GamblePharmaceutical, USA
Kenne th Donaldson, N a p i e r Univer s i ty, S c o t l a n d

Molecular and cellular mechanisms of asbestos
fiber toxicityBice F u b i n i , Univer s i ty o f T o r i n o , ItalyThe physical and chemical properties of asbestos
fibers which contribute to biological activityGunter Oberdorster, Univers i ty of Rochester, USAFiber characteristics, environmental and host factors
as determinants of asbestos toxicityA g n e s Kane , Brown U n i v e r s i t y , USA
Mechanisms of asbestos carcinogenesis

Session 4. Risk assessment methods(Panel Discussion)Chair: Gene McConnell, Toxicology and PathologyServices Inc., USA
The panel w i l l examine the impl i ca t i on s of recents c i e n t i f i c d e v e l o p m e n t s on asbestos mineralogy, *exposure, e p i d e m i o l o g y and mechanisms of toxleityl":and car c inogen i c i ty for risk assessment ofnonoccupational exposures to asbestos. The paneld i s cu s s ion w i l l i n c l u d e o p p o r t u n i t i e s f o r i n p u t f r o m t h eaudience. Panel i s t s inc lude:Bruce Case, McGill Univer s i ty , C a n a d aJ u l i a n Peto, Ins t i t u t e of Cancer Research, EnglandKevin Dri s co l l , Proctor and G a m b l ePharmaceutical, USAMort L i p p m a n n , N e w York Univer s i ty , U S AKenny Crump, I C F K a i s e r Engineers, U S ALeslie Stayner, N a t i o n a l I n s t i t u t e f o r Occupat ionalS a f e t y a n d H e a l t h , U S A

I N F O R M A T I O N
H O T E L I N F O R M A T I O NS a n Franc i s c o M a r r i o t t55 F o u r t h Stre e tSan Franc i s c o , CA 94103
415/896-1600

C O N F E R E N C E V E N U E I N F O R M A T I O NE l i h u M . H a r r i s B u i l d i n g .1515 C l a y Stree tOakland, CA 94612
510/622-2564

H O T E L R E G I S T R A T I O NRegi s t ran t s must make t h e i r own hotel reservationswith the San Franci s co Marrio t t by Wednesday, May 2,2001 to receive the reduced government per diem rateof $159.00 p l u s a p p l i c a b l e state and local taxes( c u r r e n t l y 14%). P l e a s e c a l l 800/228-9290 or415/896-1600 and ask for the EPA Asbestos H e a l t hE f f e c t s Conference .

D I R E C T I O N S F R O M S A N F R A N C I S C O A I R P O R TDrive nor thbound on Hwy 101 into S.F. From downtownS.F., f o l l o w the s ign towards the Oakland Bay Bridge .Exit in r i g h t lane at 4th St. Bear to the left with the f l o wof traffic onto Bryant St. Drive 1 block on Bryant St. to3rd St. Turn left on 3rd St. and continued blocks toM i s s i o n S t . T u r n l e f t o n M i s s i o n S t . H o t e l i s 1 blockdown on right.

B A R T D I R E C T I O N S F R O M S A N F R A N C I S C OExit hotel at 4th St. entrance towards Market St. Walk
one block down Market St. (toward 5th St.) to the
Powell St. S t a t i o n . T a k e the P i t t s b u r g / B a y Point
( y e l l o w ) l i n e to the Oakland City C e n t e r / 1 2 t h St.
S t a t i o n ; The C i t y C e n t e r / 1 2 t h St. S t a t i o n i s two
blocks east of the E l i h u M. Harris Building in the City
Center Retail Area. One-way f a r e will be
a p p r o x i m a t e l y $2.20. Trip will be r o u g h l y 15 minutes.

P A R K I N GA p u b l i c p a r k i n g garage can be f o u n d d i r e c t l y acrossthe street f r o m the E l i h u M. Harris Building at 15th andClay Street. H o u r s of operation are 6:30am to10:00pm, and costs $1.50 an hour, with a maximum of
$10 per day.

A S B E S T O S H E A L T H E F F E C T S C O N F E R E N C E
May 24-25, 2001 at the E l i h u M. H a r r i s B u i l d i n g , O a k l a n d , CA
R E G I S T R A T I O N *

Regi s t er o n l i n e at
w w w . e p a . g o v / s w e r r i m s / a h e c / i n d e x . h t m

or
Mail to
Asbes to s C o n f e r e n c ec / o Marasco N e w t o n G r o u p2425 W i l s o n Blvd . , 4 t h F l o o r
A r l i n g t o n , VA 22201or
Fax t h i s f o r m to 703/526-9826 or
c a l l 703/292-5874

P L E A S E P R I N T

N A M E
T I T L E
A F F I L I A T I O N
ADDRESS _
C I T Y _ _ _ _ S T A T E Z I P

P l e a s e email que s t i ons toa s b e s t o s c on f er enc e@maras conewton. com
T E L E P H O N E
FAX ____

* R e g i s t r a t i o n must be received by April 16, 2001. E-MAIL



2001 Asbe s t o s H e a l t h E f f e c t s C o n f e r e n c eO a k l a n d , C a l i f o r n i a c
!T h u r s d a y , May 24, 2001 -

7:30 - 8:30 Registration and Continental Breakfast •!
8:30 - 9:15 Welcome and I n t r o d u c t i o n , Peter Grevatt, Environmental Protection Agency , USAM e e t i n g L o g i s t i c s , K i m F l e t c h e r , Marasco N e w t o n G r o u p , U S A
9:15 - 10:05 Ses s i on 1. M i n e r a l o g y & Exposure Asses sment

I n t r o d u c t i o n by Bruce Case, Se s s i on Chair , McGil l U n i v e r s i t y , Canada
J o h n A d d i s o n , J o h n A d d i s o n C o n s u l t a n c y , S c o t l a n d"/Asbestos": Which physical and mineralogical differences can or should form the basis forcategorization, and how well can these categories be reproducibly separated and distinguishedin the field?

10:05-10:20 Break
10:20 -12:30 S e s s i o n 1. M i n e r a l o g y & Expo sure Asse s sment ( c o n t i n u e d )

Patr i ck S e b a s t i e n , M c G i l l U n i v e r s i t y , C a n a d aMeasuring asbestos exposure in the field: sampling environments (air, settled dust, materials);sampling strategies; sampling instruments; and current exposures
Bruce Case, McGill Univer s i ty , CanadaLung-retained fiber as a marker of retained environmental dose: Strategies, advantages,pitfalls, and coordination with epidemiological methods
G u n n a r H i l l e r d a l , K a r o l i n s k a H o s p i t a l , SwedenRadiological changes as markers of environmental exposure and environmental risk of lungcancer and mesothelioma
Discussion: M i n e r a l o g y and Exposure Asse s sment

12:30 -1:30 Lunch (on your own)
1:30-3:15 S e s s i o n 2. E p i d e m i o l o g y

I n t r o d u c t i o n by J u l i a n Peto, S e s s i o n C h a i r , I n s t i t u t e o f Cancer Research, E n g l a n d
J o h n Dement, Duke U n i v e r s i t y , U S ADifferences in carcinogenicity between asbestos types
Corbet t M c D o n a l d , N a t i o n a l H e a r t a n d L u n g I n s t i t u t e , E n g l a n dCarcinogenicity of fibrous tremolite in workplace and general environments

3:15-3:30 Break
3:30 - 5:00 Sess ion 2. E p i d e m i o l o g y ( c o n t i n u e d )

Marcel G o l d b e r g , I N S E R M , France
Nonoccupational exposure to mineral fibers - what are the key determinants of exposurerelated to increased risks for mesothelioma and lung cancer?
Discuss ion: E p i d e m i o l o g y

5:00 - 6:30 Evening Recept ion and Poster S e s s i o n



J o h n A d d i s o n , B S c F . M i n Soc.Mr. A d d i s o n i s a m i n e r a l o g i s t wi th 30 years experience . His research work involve s extensives t u d i e s o f coal-mine du s t s , asbestos m i n e r a l s , t o x i c o l o g y of asbestos and other m i n e r a l s ,a n a l y s i s o f asbes tos in a u t o p s y cases and o i l - s h a l e s t u d i e s . Mr. A d d i s o n became invo lv ed in theissues a s s o c ia t ed wi th asbes tos in p a r e n t e r a l m e d i c i n e s .
Dr. Bruce W i n s t o n CaseDr. Case is a p a t h o l o g i s t and e p i d e m i o l o g i s t at McGill U n i v e r s i t y in M o n t r e a l , C a n a d a . He hasp r a c t i c e d in p a t h o l o g y and e p i d e m i o l o g y for over 30 years. In a d d i t i o n , Dr. Case hasp a r t i c i p a t e d in and g iven l e c ture s at work shop s for many n a t i o n a l and i n t e r n a t i o n a l agenc i e sand p r o f e s s i o n a l s o c i e t i e s on the s u b j e c t o f the expo sure asses sment and h e a l t h a f f e c t s o fminera l f i b e r s , i n c l u d i n g asbestos.
K e n n y S. C r u m p , Ph.D.

D r . C r u m p i s S e n i o r V i c e P r e s i d e n t a t T h e K . S . C r u m p G r o u p , I n c . , a c o n s u l t i n g f i r m i nRuston, L a . ; i s an A d j u n c t P r o f e s s o r o f C h e m i c a l E n g i n e e r i n g at L o u i s i a n a T e c h U n i v e r s i t y ;and i s an Adjunc t P r o f e s s o r o f T o x i c o l o g y f or th e C o l l e g e o f P h a r m a c y and Heal th S c i e n c e s a tN o r t h e a s t L o u i s i a n a U n i v e r s i t y . H e h a s t e s t i f i e d o n numerous occasions about t h e h e a l t h e f f e c t sof asbestos.
J o h n M. Dement, Ph.D.Dr. Dement is an A s s o c i a t e P r o f e s s o r for the D i v i s i o n of O c c u p a t i o n a l &. E n v i r o n m e n t a l M e d i c i n ei n t h e D e p a r t m e n t o f C o m m u n i t y & F a m i l y M e d i c i n e a t Duke U n i v e r s i t y M e d i c a l Center. H e h a sserved t h e N a t i o n a l I n s t i t u t e f o r O c c u p a t i o n a l S a f e t y a n d H e a l t h a s t h e D i r e c t o r o f t h e O f f i c e o fDisease Preven t i on and E x p o s u r e Research and as the D e p u t y Direc tor for the D i v i s i o n o fResp ira tory Disease S t u d i e s .
K e v i n E. D r i s c o l l , Ph.D.D r . D r i s c o l l received h i s Ph.D. i n E n v i r o n m e n t a l H e a l t h S c i e n c e , I n h a l a t i o n T o x i c o l o g y f r o mN e w Y o r k U n i v e r s i t y i n 1986. H e c u r r e n t l y serves a s t h e A s s o c i a t e Dire c t o r f o r C e l l & M o l e c u l a rCore and C a r d i o v a s c u l a r Research at Procter & G a m b l e P h a r m a c e u t i c a l . Dr. D r i s c o l l has s p e n t20 years s t u d y i n g r e s p i r a t o r y t o x i c o l o g y .
Dr. Bice F u b i n iDr. Fubini was e d u c a t e d a t the U n i v e r s i t y o f T o r i n o (Italy); and i s c u r r e n t l y the Head o f theI n t e r d e p a r t m e n t a l Center " G . S c a n s e t t i " f o r S t u d i e s o n A s b e s t o s a n d other T o x i c P a r t i c u l a t e s ,and an A s s o c i a t e P r o f e s s o r o f G e n e r a l and I n o r g a n i c C h e m i s t r y in the C h e m i s t r y D e p a r t m e n t .In the pas t twenty years, Dr. Fubini has d e v e l o p e d s t u d i e s on the ch emi ca l bas i s o f the t o x i c i t yof s o l id mater ia l s .
Dr. Marcel G o l d b e r gDr. G o l d b e r g g r a d u a t e d f r o m Pierre e t M a r i e Cur i e U n i v e r s i t y , P i t i e - S a l p e t r i e r e M e d i c a l S c h o o l , inP a r i s in 1972. Dr. G o l d b e r g c u r r e n t l y serves as a P r o f e s s o r of E p i d e m i o l o g y at Rene Descarte sU n i v e r s i t y , Pari s-Ques t M e d i c a l S c h o o l ; a n d i s t h e H e a d o f t h e " H e a l t h a n d Work" D e p a r t m e n t o ft h e F r e n c h N a t i o n a l I n s t i t u t e f o r H e a l t h S u r v e i l l a n c e ( I n V S ) .
Dr. G u n n a r H i l l e r d a l

Dr. Hillerdal i s a s p e c i a l i s t in r e s p i r a t o r y m e d i c i n e w i t h over 28 years of e x p e r i e n c e . He c u r r e n t l yserves a s t h e S e n i o r P h y s i c i a n a t t h e L u n g H o s p i t a l i n K a r o l i n s k a H o s p i t a l . I n a d d i t i o n ,Dr. Hil l e rda l ha s w r i t t e n - f i u m e r o u s p a p e r s about t h e h e a l t h e f f e c t s o f asbes tos on t h e l u n g s .



A g n e s B. K a n e , Ph.D.Dr. K a n e i s th e C h a i r f or Brown Univer s i ty ' s D e p a r t m e n t o f P a t h o l o g y & L a b o r a t o r y M e d i c i n e .She has over 25 years of e xp e r i en c e s t u d y i n g human p a t h o l o g y . Dr. K a n e is a reviewer fornumerous revered science and p a t h o l o g y j o u r n a l s . In a d d i t i o n , she was one o f the o r i g i n a lorganiz er s for the work shop on Approaches to Evaluating Toxicity and Carcinogenicity ofMan-made Fibers.
Morton L i p p m a n n , Ph.D.Dr. L i p p m a n , a P r o f e s s o r a t New Y o r k U n i v e r s i t y (NYU) M e d i c a l Center , a l s o serves a s : t h eDirec tor o f t h e E P A / N Y U P a r t i c u l a t e M a t t e r H e a l t h E f f e c t s Research C e n t e r ; Direc tor o f t h eH u m a n E x p o s u r e a n d H e a l t h E f f e c t s Program a t t h e N e l s o n I n s t i t u t e o f E n v i r o n m e n t a l M e d i c i n ea t NYU M e d i c a l C e n t e r ; and Direc tor o f t h e Aero s o l and Inha la t i on Research Labora tory a t NYUM e d i c a l Center.
Ernest E. M c C o n n e l l , DVM, MS ( P a t h )Dr. M c C o n n e l l has s p e n t over 30 years s t u d y i n g ve t er inary p a t h o l o g y . He c u r r e n t l y serves asthe P r e s i d e n t o f ToxPath Inc. , in R a l e i g h N.C. Dr. M c C o n n e l l i s an expert in i n h a l a t i o nt o x i c o l o g y and has p u b l i s h e d over 122 p a p e r s c onc ern ing a n i m a l t o x i c o l o g y .
D r . J o h n Corbe t t M c D o n a l dDr. M c D o n a l d has over 60 years experience as an e p i d e m i o l o g i c a l researcher. He curren t lyserves as P r o f e s s o r E m e r i t u s a t L o n d o n Univers i ty' s D e p a r t m e n t o f O c c u p a t i o n a l andE n v i r o n m e n t a l M e d i c i n e . H e h a s wri t t en many e p i d e m i o l o g i c a l research p a p e r s , e s p e c i a l l ycovering o c c u p a t i o n a l h e a l t h .
G i i n t e r Oberdorster, Ph.D.Dr. Oberdors t er is a P r o f e s s o r of T o x i c o l o g y in E n v i r o n m e n t a l M e d i c i n e at the U n i v e r s i t y ofRochester in Rochester, NY. For the U n i v e r s i t y o f Rochester, he a l s o serves as H e a d o f theD i v i s i o n of R e s p i r a t o r y B i o l o g y & T o x i c o l o g y at the S c h o o l o f M e d i c i n e , and a P r o f e s s o r o fO n c o l o g y at S c h o o l o f M e d i c i n e and D e n t i s t r y . In a d d i t i o n , Dr. Oberdor s t e r i s the Direc tor o fU R - E P A P a r t i c u l a t e M a t t e r Center.
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Purpose of Conf er enc e
S o u n d science in asbestos riskassessment
• Revisit key quest ions on asbestosh e a l t h e f f e c t s
• Identify areas of general agreement
• U p d a t e risk assessment methods



Current US Risk AssessmentA p p r o a c h e s for Asbes to s =
T r e a t a l l f o r m s o f asbestos e q u a l l y
F i b e r enumeration based o n J g Ma n a l y s i s
• Count o n l y f i b e r s > 5 microns
• F i b e r s > 5 microns are equ ipo t en t

Noncanc er e n d p o i n t s not addressed



F i b e r T y p e
A m p h i b o l e h y p o t h e s i s : C h r y s o t i l e lesspotent than a m p h i b o l e s f o r asbestosisand cancer
• Can the carcinogenic risks f r om c h r y s o t i l eand a m p h i b o l e exposures be d i s t i n g u i s h e d ?
• Can the asbestosis risks f r o m c h r y s o t i l eand a m p h i b o l e exposures be d i s t i n g u i s h e d ?



F i b e r Dimens ions
W h i c h f i b e r d i m e n s i o n s are i m p o r t a n t toenumerate?

• Can the carc inogenic risks f r o m l o n g and shortf i b e r s be d i s t i n g u i s h e d ?
• Can the asbestosi s risks f r o m l o n g and short f i b e r sbe d i s t i n g u i s h e d ?

W h a t t e chnique s are best for measurementand enumerat ion of asbestos f i b e r s ?
• How s h o u l d PCM and TEN counts be converted?



M e c h a n i s m s o f T o x i c i t y
M o l e c u l a r and c e l l u l a r mechanisms o ft ox i c i ty
• C r i t i c a l p h y s i c a l and chemical p r o p e r t i e s
• Environmenta l and host f a c t o r s



Risk Assessment
F i b e r t y p e
Fiber size
Exposure assessment
• Risks f r o m e p i s o d i c exposures

Assessment of asbestosis, othercancers
Assessment of mixtures
" T r a n s i t i o n a l " and "cleavage f r a g m e n t s





Dedicated to the memoryof C h r i s W a g n e r

From the addendum: by June 1960 there
were 47mesotheliomas; 45 associated with

crocidolite exposure

I n f a i l i n g t o
take more
s er ious ly the
p a p e r
p u b l i s h e d by
W a g n e r et al.
in 1960 the
world made
a c o s t l y
mistake"
- M c D o n a l d J C
1995



What is now g e n e r a l l y accepted
r egard ing asbestos minera l ogy ?
r e g a r d i n g exposure assessmentlor "asbestos"?
We need to s t ep back f r o m theseto more general quest ions f i r s t



What is "asbestos"?
• J o h n A d d i s o n w i l l t e l l u s !

But...
1996: " "Asbestos" is o f t e ni n a p p r o p r i a t e l y used as a generic,us rubric, and even whenf i b r e type i s s p e c i f i e d , i t ssource is rarely stated."*



Defin ing "asbestos" ( c o n t i n u e d )
W a g n e r , I L O / N I O S H , 1990:
asbestos may be d e f i n e d as "ag r o u p of f i b r o u s mineral s thatcan be s p l i t l o n g i t u d i n a l l y andHave commercial uses".

•Wagner also noted that "the termasbestos was o r i g i n a l l y used foro t i l e :



D e f i n i n g "asbestos" ( c o n t i n u e d )
• ..."If th i s had been maintainedand the other minera l s re ferredto as the a m p h i b o l e f i b r e s , thepresent c o n f u s i o n inasses s ing the risk hazardnot have occurred"

1 0 ) ( N I O S H ) P u b l i c a t i o n N o . 90-108, Part I , page s 22-24.



BUT m m m



Geolib® Standard Report
Mineral Clas s: VHIca Si l i ca t e s
( I n o s i l i c a t e s - P

Number of Minerals: 38
A C T I N O L I T E A N T H O P H Y L L I T E A R F V E D S O N I T E
B A R R O I S I T E C R O S S I T E C U M M I N G T O N I T E E C K E R M A N N I T E

E D E N I T E F E R R I K A T O P H O R I T E - ( ? ) F E R R I W I N C H I T E F L U O R -
G E D R I T E G R U N E R I T E H A S T I N G S I T E

K O R N I T E L E A K E I T E M A G N E S I O -

M A G N E S I O R I E B E C K I T E M A N G A N O -
N Y B O I T E - ( ? )

| f c ) T A S S I U M - F L U O R - R I C H T E R I T E R I C H T E R I T E
l l H u M A N T H O P H Y L L I T E S O D I U M G E D R I T E

Copyr igh t © , by Geosystems 1994-1998i ^ C? ' J J



T h u s the questions must be asked
1. W h i c h p h y s i c a l or m i n e r a l o g i c a l d i f f e r e n c e s

CAN OR SHOULD f o r m the basis
f o r categorization?

2. Can these categories be r e p r o d u c i b l y
d i s t i n g u i s h e d ( A N D separated)?

:;;;lf ||>|[|||form" ?, "cleavage f r a g m e n t s " ??
i i f i l l l l l i i h a l f i b e r s " ???

4. W h i c h t y p e s and d imens i on s of f i b e r s areM l : f f i i l I i ; ! I i i M ^ enumerate? ( i m p l i e s EM, so.. )



Ideally risk assessors could agree uponw e l l - d e f i n e d parameters of concern:
Which mineral categories (e.g. f i b e rt y p e s )
cause which d i s ea s e( s) (or n o t ! ! )

l l l l o s u r e (--> dose)i!J:; ifixttAlMKMiitiSUM » •- L e n g t h (range?) W i d t h (range?)



So much for m i n e r a l o g y ; where does"exposure assessment" f i t in?
Exposure assessment is a part of risk assessment

H a z a r dE v a l u a t i o nDoes s t u f fcause e f f e c t ?
Exposure

Asses sment

C h a r a c t e r i z a t i o n



B̂̂^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂T̂^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ĤThe f ir s t part of "exposure assessment"is measurement
1. WHAT do we measure?
2. W H E R E do we measure? (air?

"settled dust"? M a t e r i a l s which
asbestos? Luns tissuethe

may
?)

i N T f * ! ^mm®
do we measure?

Procedures? e.g
7400/7402)?



The f i r s t part of "exposure assessment"is measurement (continued)
4. How do we DEFINE and

E X P R E S S T H E R E S U L T S ?
Example: Detection limits:

sensitive - "positive" in thisH i l l - so what?
Insen s i t i v e - can misslures of interest.



From exposure to dose
1. W h a t is in the ground?
2. What is, or can be, on the

ground and in the air?
3. What is, or can be, in the

l u n g (and how and why
does it get there, and what
h a p p e n s to it there, and

4. what happens to US, a f t e r
t h a t )



E X P O S U R E
I N T E R N A LDOSEM A R K E R S

B I O L O G I C A L L YE F F E C T I V E
DOSE



Putting exposure in perspec t ive: 2
E A R L YB I O L O G I C A LE F F E C T

A L T E R E DS T R U C T U R E /F U N C T I O N

C L I N I C A L D I S E A S E



J o h n A d d i s o n
J o h n A d d i s o n C o n s u l t a n c y

24/05/01



To c lar i fy the d e f i n i t i o n s o f somem i n e r a l o g i c a l terms
To assess the m i n e r a l o g y of thes e rp en t ine and a m p h i b o l e m i n e r a l s
T o i d e n t i f y those mineral p r o p e r t i e s thatd i s t i n g u i s h t h e asbestos f o r m s

24/05/01



A s b e s t i f o r m
C l e a v a g e f r a g m e n t
T r a n s i t i o n a l f i b r e s
Asbe s to s

2 4 / 0 5 / 0 1



A S T M d e f i n i t i o n f o r a mineral habi t
A p p l i e s t o many d i f f e r e n t non-asbestosm i n e r a l s
Does not i m p l y a l l o f the p h y s i c a l ,chemical or t o x i c o l o g i c a l p r o p e r t i e s ofasbestos
It o n l y means "re s embl ing asbestos"

24/05/01 4



A s b e s t i f o r m F i b r e s are not " longer than5 microns wi th an aspect ratio of 3:1'
S h a p e charac t er i s t i c s devised f o rc o u n t i n g f i b r e s in micro s copy s h o u l dnot be used to d e f i n e the i d e n t i t y ofmineral f i b r e s .

2 4 / 0 5 / 0 1



• Most m i n e r a l s have a t endency to break a l o n gsy s t emat i c sets of p l a n e s of weakness in t h e i r crys tall a t t i c e . T h e s e ar e c a l l e d c l eavage s
• Some m i n e r a l s have one p e r f e c t c l eavage e.g.M u s c o v i t e mica. T h e s e s p l i t e a s i l y into t h i nt r a n s p a r e n t f l a k e s .
« Other m i n e r a l s have two or more sets of c l eavagep l a n e s .
« All a m p h i b o l e s have two c l eavage s at 56° to eachother, p a r a l l e l to the l o n g axis of the c ry s ta l .

2 4 / 0 5 / 0 1



A m p h i b o l e crystal

C l e a v a g ep l a n e s
2 4 / 0 5 / 0 1
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T r a n s i t i o n a l f i b r e s are sub-micro s copici n t e r g r o w t h s of two or more m i n e r a l s .
T h e y may be p r i m a r y crystal growth
T h e y may a l so be the resul t of r e trogradem e t a m o r p h i c conversion of an e a r l i e r mineralinto two phases.
Crys ta l l a t t i c e o r i en ta t i on s of the two m i n e r a l sare o f t e n s i m i l a r .

2 4 / 0 5 / 0 1



Vebl en 1991 T A
2 4 / 0 5 / 0 1 10



Most of the d e f i n i t i o n s of asbestos in thel e g i s l a t i o n o f Europe and the USA areinadequat e .
M a n y a m p h i b o l e asbestos type s are noti n c l u d e d . Rich t er i t e , w in ch i t e etc.
Fibre shape cr i t er ia are m i s t a k e n l y taken aspart of the d e f i n i t i o n .

24/05/01 11



The use of terms such as " f ibrous"t r e m o l i t e is ambiguou s .
T h e d e f i n i t i o n o f ' a s b e s t o s c o n t a i n i n gmater ia l ' i s i n a p p r o p r i a t e (1% in USA,or "any' asbestos in UK) - 1% is tooh i g h ; zero is i m p o s s i b l e to prove.

2 4 / 0 5 / 0 1 12



» One of the s e rp en t ine g r o u p of m i n e r a l s
• ' U n i q u e ' t u b u l a r crystal s tructure
• E n v i r o n m e n t a l l y ub iqu i t ou s
« Several p o l y m o r p h s , but all are s t i l lc h r y s o t i l e asbestos
• A n t i g o r i t e , L i z a r d i t e s e r p e n t i n e are notp o l y m o r p h s o f c h r y s o t i l e

2 4 / 0 5 / 0 1 13



C h e m i c a l l y less s t a b l e t han a m p h i b o l e s
Lower pers i s t ence in l u n g t i s sue
Some i s described a s ' s h o r t f i b r e 'c h r y s o t i l e . Lower t ox i c i ty?

2 4 / 0 5 / 0 1 14



• HRTEM image o fc h r y s o t i l e f i b r i l s
• C y l i n d r i c a l c ry s ta l s25-30 nm d iame t e r
• (Baronnet 1992)

2 4 / 0 5 / 0 1 15



The t endency of asbestos am phi bole s tooccur as l o n g t h i n f i b r e s a p p e a r s to be re latedto the presence of two other crystal log r a p h i cp r o p e r t i e s in a d d i t i o n to the c l eavages
T h e s e are:

2 4 / 0 5 / 0 1 16



T w i n n i n g of c r y s t a l s r e f er s to a sy s t emat i c re-or i en ta t i on of the crystal l a t t i c e across a p l a n e . Ito f t e n produc e s a mirror image reversal of thesymmetry of the s tructure.
M u l t i p l e t w i n n i n g de s cr ibe s repeated f i n e s calereversals of the s tructure.
T h e a m p h i b o l e s u s u a l l y twin across p l a n e s p a r a l l e l t othe l o n g axis of the c r y s t a l , and p e r p e n d i c u l a r to thea axis of the crystal [ i.e. ( 1 0 0 ) ] .
T h e s e p l a n e s are a l s o p a r t i n g s or c l eavage s

2 4 / 0 5 / 0 1 17



(100) P l a n e

D o r l i n g & Z u s s m a n 1987
2 4 / 0 5 / 0 1 18



• All a m p h i b o l e s have a d o u b l e chain s i l i c a t e s tructure.
• Trip l e o r h i g h e r m u l t i p l e cha in s can occur a l o n g p l a n e sw i t h i n th e s truc ture
» T h e s e p l a n e s are p a r a l l e l to the l o n g axis of the c r y s t a l ,and p e r p e n d i c u l a r to the b axis [i.e. on ( 0 1 0 ) ]
« Multiple chain d i s o r d e r s are more common in a m p h i b o l easbestos

2 4 / 0 5 / 0 1 19
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W h e n both m u l t i p l e t w i n n i n g a n d chain w i d t hd i s o rd er s occur at h i g h f r e q u e n c y there is a muchgreater t endency t o f o r m l o n g t h i n f i b r e s
The two p a r t i n g s , at r i g h t a n g l e s to each other andp a r a l l e l t o the l o n g axis o f the crystal f o r m the l o n gt h i n l a t h s h a p e d f i b r e s o f t e n seen i n a m p h i b o l easbestos
The p a r t i n g s a l s o tend t o t e r m i n a t e i n c i p i e n ttransverse cracks, so e n h a n c i n g the t e n s i l e s t r e n g t hof the f i b r e s

2 4 / 0 5 / 0 1 21
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Ot / i

P e r c e n t a g e o f f i b r e s

00



F i b r e d i a m e t e r
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M o r p h o l o g y / h a b i t
P o l a r i s e d l i g h t micro s copy
C h e m i s t r y
U l t r a - s t r u c t u r e
S i z e and shape of p a r t i c l e s
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• I d e n t i f i c a t i o n cr i t er ia f or asbestos f i b r e s inairborne dust s a m p l e s
• A p p r o p r i a t e c h e m i s t r y / o p t i c a l p r o p e r t i e s
« A s p e c t ratio greater than 20:1
• L e n g t h greater than 20 microns
« Diameter l e s s than 1 micron

2 4 / 0 5 / 0 1 34



Lung-re tained f i b e r as a marker ofenvironmental dose
Bruce W. Case



P u t t i n g it in context: inv e s t i ga t ing two
(of many p o s s i b l e ) suspect regions via

lung-retained f i b e r
Known g e o l o g y [
Asbe s to s m i n i n g \
Over 100 years of we l l - Idescribed exposures {

• Lots of r e l i a b l e data

lonar ori i i i i i i i i l l a i )
done;ach us?

• Known g e o l o g y
• Asbes to s m i n i n g
• ?? Lots of p o t e n t i a lf o r exposure
• Some data, none onl u n g , l i t t l e r e l i a b l eon air
• W h a t could bedone?



The l u n g i s the u l t i m a t e personaldos imeter

f*. S :-:•: :-:'••. :•: :-:-:.':•:•-:•:-•-:••.•-•:•.:-:-:•.



S e r p e n t i n i t e in two locations
S e r p e n t i n i t e : S e r p e n t i n i t e is arock c o n s i s t i n g almost e n t i r e l yof one or more s e rpen t ineminera l s ... not i d e n t i f i e d asseparate rock unit s on thesemaps but likely to be founditvithin areas of ultramafic rock.



S e r p e n t i n i t e in two locations 1

S m a l l amounts o f c hry s o t i l easbestos are common inserpent! nite.
because chry s o t i l e is one of thes erpent ine g r o u p minerals.
T r e m o l i t e - a c t i n o l i t e asbestos( a m p h i b o l e asbestos) may alsooccur with s e r p e n t i n i t e , but suchoccurrences are less commonthan c h r y s o t i l e asbestos.

- i . T ' : . l i ; ll i l t ! Dept. Conservation, Division of Mines and
also from that source, on the web
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Asbestos: Jeffrey Pit: (> 1 mile across)
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T W e t f o n M i n e s
r r s - R i v i e r e s



W h a t wa s / i s there to look f o r ? *
1. Asbe s t o s "bodies" (AB) in sputum.
2. AB (and f i b r e s ? ) in broncho-

alveolar lavage (BAL).
:3litll|ii|tamed asbestos f i b e r s

using one or more f l a v o r s
microscopy).

* In lung d i s e s t a t e



The b ig a d v a n t a g e s o finternal dose s t u d y
1. Don't have to worry if relevant to

human exposure!
2 | I M f l P have to worry if r e s p i r a b l e

t h e r e f o r e diameter not a
I l l l l r n , except f o r r e s o lu t i on)

i l l B l i l l a l l y , d o n ' t have t o worry•/ 7 •/Ifer f i b r e i s "biopers i s tent'•&&'-.%*$'&& JL



Some d i s a d v a n t a g e s o finternal dose s t u d y
1. Lung-retained f i b e r s do not have "productid" s tamped on them (with a few p o s s i b l ee x c e p t i o n s ! )
2. Even if they d i d , they s t i l l would not have a

• • ' • . ? . .". i. > ' i i i < - ,ion s t a m p
* ^ l l l i l h l t h e presence of a f i b e r t y p ei f I : ; ' : : ' : - ::"-mmm J . « / J Tg i l l l l l l l l its bioper sistence, it does not1^'mii:S&t¥)-B^mfmm<mM»¥B!;m JL 7is "if it is asbestos".

[till have to make some decisionsI s s m e n t .





f't
^ .̂ ^"^ ^ ' ^ ^ ' ^ x^^^^ • • 1 • I I\^J V - / A JL JL %^

f\ •
^̂^ "•" -̂••! Ix̂ A _1

-«
<4X^ ^̂  I•! i^l IA A C-v Adose s t udy

1. A decision must be made on a rational
basis as to which fiber lengths (or size
distributions) to count

2; T h e r e are technical d i f f e r e n c e s
i i l troiuced by d i f f e r e n c e s in procedures

are p r o b a b l y o v e r s t a t e d )
y H l i p H B - p a l decision has to be made

to which equipment ( T E M ,
;: :;;";; ?; 111: S. 1:1:-Ii^-'KMJt f ?:f i"'| |:|1114;i;:.-|;|Sif:ii:11:111!•;§|i. M M \ '-ttlsb.) to use."problems" but decisions to be made by

S t SJjS^S- : ^S:l iS;' |™i™. JL (^it may not be necessary to decide which is "best



N f i b r e
>20 um

6 90

•• •

A n d e r s o n - D a r l i n g N o r m a l i t y T e s t
19.9210.000A - S q u a r e d :P - V a l u e :

N

M i n i m u m
M e d i a n

M a x i m u m

255

18
21.6
90

9 5 % C o n f i d e n c e I n t e r v a l f o r M e d i a n
19.8 um 22.1 um



A s b e s t o s Bodies

i|tron M i c r o s c o p y Ligh t M i c r o s c o p y



A s b e s t o s bodies in lung: the Canad ian
series of accident victims*

il 41-60 OVER 60
I n t e r v a l

A B / g r a m d r y l u n g

l l . o v c
of men
over 34
>1000

J. Arch Env H e a l t h 1988, 43:178



S p u t u m AB in ASBESTOS (A) andT H E T F O R D M I N E S ( T M ) :
S U B J E C T S N (age,

smoking) N adequate N pos i t ive
M i n e r s / M i l l e r s

(A)
55

(57, > 80%) 32 (58%) 9 ( 1 7 % )
M i n e r s / M i l l e r s 89

(56, 87%) 42 (48%) 1 0 ( 1 2 % )
30

(40, 33%,) 8 1 ( 2 6 % ) 0

21
( 5 8 , 3 3 % ) 10 (48%)

3 ( 1 4 % )
(exposed

non-smokers)



C o u l d t h i s be used to assess p e o p l ein an area l i k e El Dorado?
1. Y i e l d very low, but s ingle morning spu tum

in youngish non smokers
2. On the other hand, the Quebec group s wered e f i n i t e l y exposed

i Se l l en l i i l s p u t u m s bet ter? Restrict to
; ' : , . : - : : . ' - . ' . ; : ! ' : ; ; . - ! . . : . ; V , ' ! : : ¥ . : i J L - ! : ? ' k * ? " I : ' i ^ X * S . : i : : : ' . t : J ' S : ; ; : = ; ' ' : - . : j " !"- : i -?"1!1 ^ - * -

lH|cerns - should re s ident s be? Could spu tum be saline-



2. BA Lavage (in l i v i n g p a t i e n t s )

T r a c h e a — •

16 17 18 19 20 21 22 23

-8R- i M B L

C o n d u c t i v e zone

RBL A D AS
T r a n s i t i o n a l and
r e s p i r a t o r y zone

igure 1 ,2 C o n d u c t i n g airways and r e s p i r a t o r y unit (not t o s c a l e ) a s r e p r e s e n t e d by Weibe l ' si d e a l i z e d sys t em o f g enera t i on s branching f r o m the trachea by s y m m e t r i c a l d i c h o t o m y . N u m b e r sgenerations are shown at the top. BR'= bronchi, MBL = membranous bronchioles , TBL =...... .. . - . ,,.,. . , , ,- , . .-, ' ; o l a r duc t s . AS = a l v e o l a r sacs.



BAL for exposure assessment: is itp o s s i b l e?
1. Yes - volunteers are o f t e n used for thi su n c o m f o r t a b l e procedure, and

.2, One group in Belgium assesses BAL forAsbes to s Bodies routinely on every(1992-97 (N=1800) Dumortier et
done to date suggests that thereC7C>i i l i l i i f f i / 2 correspondence between aW(;>mmuM<;iwMm>mmmm4uis> JLi l l i l l l l n e (1) AB per ml BAL f l u i d

U+tSiiiiKlMl+K^mSiai'SlSSBBli ^ ' \-AB per gram dry lung by1 method





BAL for exposure assessment: is itpo s s i b l e?

BAL T O D A Y



BAL for exposure assessment: is itp o s s i b l e ?
1. So, le t ' s d o i t . . . n ot so fast!
2. Problem with "volunteers" for suchs tudie s
3. Ethical problems:

11 l l ten approaching p e o p l e ?
in formed consent fromI who are not sick to dojiingthatis "not necessary"



BAL for exposure assessment: is itp o s s i b l e ?

BAL
T O D A Y !

p o s s i b l e , but how representative would it be?



Method 3: analys i s of l u n g d i g e s t a t e
• T r i e d and true; m e t h o d o l o g i c a l d i f f i c u l t i e s are

l a r g e l y c o n f i n e d to between-lab compari sons
• As long as a lung-retained study of asbestos

(AB and fibers) uses accepted
epidemiological principles, it is likely to

sable and interpretable result:
include all fiber parameters but

to "longer" fibers)



Method 3: analys i s of l u n g d ig e s t a t e
At the very least, analysis +
questionnaires will tell us what
exposures existed for this group.

1 I'' ' ( i ! •:. !• :•;»• :'..S.3i ? ; iff ti.-i i.'i'if.i- ! f KM!t&f- ^^ •





Important not to confuse this type of studywith medico-legal or compensation caseseries
• S t u d i e s must be to the degree

p o s s i b l e p o p u l a t i o n - b a s e d (some
selection bias is unavoidable).

l l l l l l l l l l M u c h of the l i t e r a t u r e i s f r o ml i H l i i i S i i l e g a l / comp cases; while it may h e lpi\ i ^'KStiffHiiH-BMIIMWHI f If 1114 *"*̂  •*- •/ J.with methods it cannot be used
( f o r e x a m p l e ) e s tab l i sh

^val i i^ s orV C C ± W - V / k 3 V - f J .



U n f o r t u n a t e l y , there are o n l y twop o s s i b l e sources of l u n g tissue:
• A u t o p s y l u n g t i s sue ( i n c l u d i n g ,p e r h a p s e s p e c i a l l y , f r o m c o r o n e r ' scases)

cancer surgical cases (may notbe as bad as it sounds, but d e f i n i t e
; :. ;.;.:: •:.:;:-•: ::•*;:.: .':: J" "...:;: - ::;* -;:;; ::-::;;; $ - ft Vbias toward smoking and any otherors that smoking may represent1, educat ion. . .))



two p o s s i b l e sources of l u n gtissue: continued
Because most lung cancer cases
are not re lated to asbestos
exposure, thi s is not a ma jor
poblem, a l though i d e a l l y
pbs t ionnaire a p p r o a c h should bel ; » M ; I I i l i * •*•to exc lude ANY case with

ible occupat ional asbes tos



One wordonsampl



Thetford Region: by ques t ionnaire, TwoStudies

us ing p a r a f f i n b locks

; : ; ; j ' f e
! ' " • ; ' ! ! ' . . ? . : - ! '

' 1 i; M-?

Asbes to sBodies
C h r y s o t i j e

:' 1 1*^ IT"l^^ 1 ITOI I ^1 1 l ^ / l 1 ^^^

m'i^n^:fiiiii^mMmmm.mtmm>fl
»:< •::;> :: •:•:•, • : : :: : :• :: ,:. • ::: :i .:-.:::::̂ , ;:;•;•••::::•:•. •: :• •• :: ;: :• ;•;: ::;:^- > :: :•Hlli i! II U l i lM IG'O/;.IJI III! .1 II 1 1 1 1 1 1 II 1

' ? f l i - i : 1 ' ? i ! I I : ! : f * S . i i i . ^ tjFQirH'ilK ? ? • A ' " 1 ' i-i"? S t : j - | ! -

«}•:? « f r . ; S f i,.: . ' : . H .:. Ji: ' j -S.S 3 M^fnf: 1 1 ± f . f H K ,: Vl j 3- ]mTm'f\ rv% ^N 1 1 *̂ % ii remoiiie

R e f e r e n t s( N = 1 4 )
80

f f i i : n.̂ini ^
: l l i n; i : : ; : : . ; " i ; ; : s ; i i ? ; . \ J

if.: |.-:H : L - J - ^ I S-J :*

:^Tr^:?^v^

,,,,,; ,,,,,,:;;,
: : SS»a«3:8ii

N e i g h b o r -hood (14)
1560

O QQ.00

0 7̂\j ,\j i

40%

Domestic
? ( N = 8 )

2360

O OQ

0 1Q. I \y

f^f\Q /

Domestic
( N = 1 0 )
4260
1 en1 -OU

1 AA• .0̂ 1
40%

Inn NY Acad Sci 1991; 643:491-504;;:;L;::i>; ::;:;.;£ '



Lung burden of mining region re s ident s in
A s b e s t o s and T h e t f o r d Mines (wet t i s su e)

\
rut moo

T r e m o l i t e
C h r y s o t i l e



Can t h i s be done in El Dorado?
1. Y e s , if i n d i c a t e d and if prac t i ca l
2. - use h o s p i t a l d i r e c t or i e s OR:aj|gi|f| p a t h o l o g i s t i n q u i r i e s OR
i! i ill coroners

i t l l f have informed consent



Can th i s be done in El Dorado?
W h i c h e v e r source used,

- c on t ro l s must be a p p r o p r i a t e
- l i f e t i m e r e s i d e n t i a l h i s t or i e s and
|||upational h i s t o r i e s are id ea l
i|||t l i k e disease, exposure can be
f f f | | p e d " ( G I S )



^ • a i n t - H y a c i n t n e

G r a n by
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C a r c i n o g e n i c i t y o f Asbe s t o s
D i f f e r e n c e s b y F i b e r T y p e ?

J o h n M . Dement , P h . D . , C I H
Duke U n i v e r s i t y M e d i c a l C e n t e r

D u r h a m , N . C .

A F r e e s a m p l e background f r o m w w w . p p l b a c k g r o u n d s . f s n e t . c o . u k

Slide 2 © 2000 By D e f a u l t !F i b e r T y p e s o f Primary I n t e r e s t
• S e r p e n t i n e s

- C h r y s o t i l e
• A m p h i b o l e s

-Amos i t e- C r o c i d o l i t e- T r e m o i l t e
A F r e e s a m p l e background f r o m www.pplbackgrounds.rsnel .co.uk



Slide 3 © 2000 By D e f a u l t !Cancer S i t e s C o n s i d e r e d
L u n g Cancers ( A l l C e l l T y p e s )
M e s o t h e l i o m a
- P l e u r a l or P e r i t o n e a l

A F r e e s a m p l e background f r o m w v v w . p p l b a c k g r o u n d s . f s n e l . c o . u k

S l i d e 4 © 2000 By D e f a u l t !

G u i d a n c e f o r Causa l I n f e r e n c eBradford H i l l ( 1 9 6 5 )

S t r e n g t h o f the a s soc iat ion?
C o n s i s t e n c y of the a s soc iat ion?
S p e c i f i c i t y o f t h e a s soc ia t ion?
B i o l o g i c a l g r a d i e n t ( expo sur e -r e spon s e)?
T e m p o r a l i t y of exposure and disease?
B i o l o g i c a l p l a u s i b i l i t y ?

A F r e e sampl e background from www.pp lbackground s . f sn e l . c o .uk
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Guidance Criteria
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A F r e e samp

Guidance Criteria
S t r e n g t h
Consi s t ency
S p e c i f i c i t y
Biological Gradient
T e m p o r a l i t y
Biologic P l a u s i b i l i t y
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S l i d e 7 © 2000 By D e f a u l t !S u m m a r y o f C a r c i n o g e n i c i t yData b y F i b e r T y p e
E p i d e m i o l o g i c a l data f u l l y s u p p o r t increased risk f o r l u n gcancer and m e s o t h e l i o m a for a m p h i b o l e s and c h r y s o t i l e .
A n i m a l b ioas say, i n c l u d i n g i n h a l a t i o n s t u d i e s , have shownall f i b e r t y p e s t o increase the risk o f l u n g cancer andm e s o t h e l i o m a .
The l u n g cancer ri sk for c h r y s o t i l e i s at l e a s t as h i g h as tha tobserved f o r a m p h i b o l e s .
W h i l e c h r y s o t i l e causes m e s o t h e l i o m a s , e p i d e m i o l o g i c a lda ta show the p r o p o r t i o n a l y i e l d (as a % of d e a t h s ) to bel e s s than observed f o r a m p h i b o l e s .
N o s c i e n t i f i c a l l y d e f e n s i b l e t h r e s h o l d s have beene s t a b l i s h e d f o r l u n g cancer or m e s o t h e l i o m a .

«. pp ibac kg rounds, fs n et .C

S l i d e 8

A F r e e s a m p l e background (to

© 2000 By D e f a u l t !



Slide 9 © 2000 By Default!W H O , I P S C C h r y s o t i l e ReportE n v i r o n m e n t a l H e a l t h C r i t e r i a 203, 1998

"Commercial g r a d e s of c h r y s o t i l e have beenassociated wi th an increased risk ofp n e u m o c o n i o s i s , l u n g cancer and m e s o t h e l i o m ain numerous e p i d e m i o l o g i c a l s t u d i e s o f exposedworkers"

w. pp IB a ck g round s .f sri el. CG . u k

Slide 10 © 2000 By D e f a u l t !WORLD TRADE wmsiiBR18 S e p l e m b e r 2000O R G A N I Z A T I O N

E U R O P E A N C O M M U N I T I E S -
M E A S U R E S A F F E C T I N G A S B E S T O S A N D A S B E S T O S -

C O N T A I N I N G P R O D U C T S

Report of the Panel

The report of the Panel on European Communities ~ Measures Affecting Asbestos and Asbestos -
Containing Products is being circulated lo all Members, pursuant to the DSU. The report is being
circulated as an unrestricted document from 18 September 2000 pursuant to the Procedures for
the Cir cu la l i oD and Derestrict ion of WTO Documents ( W T / i y i f i O / R c v . ! ) . Members are
reminded that in accordance wilh the DSU only parties lo the d i s p u t e may appeal a panel report
An appeal shall be l imi t ed to issues of law covered in the Panel report and legal in t erpre ta t ions
deve loped by the Panel. There shall be no ex parts commuiiicalions with the Panel or A p p e l l a t e
Body concerning matters under consideration by Ihe Panel or A p p e l l a t e Body.

A F r e e s ampl e background f r o m W W W . p p N o i c by the Sccr tUml: TTrii P«ael Report dull be idop lo l by Ihe Ditpule S e t t J o n e n l Body (DSBJ irilhm 60 i»yt



Slide 11 © 2000 By D e f a u l t !W o r l d T r a d e O r g a n i z a t i o nDecision of S e p t e m b e r 18, 2000
The " c a r c i n o g e n i c i t y o f c h r y s o t i l e f i b e r s has beena c k n o w l e d g e d for some t i m e by i n t e r n a t i o n a lbodie s ," t h e p a n e l noted. " T h i s c a r c i n o g e n i c i t ywas c o n f i r m e d by the e xp er t s c o n s u l t e d by thep a n e l , w i t h respect to both l u n g cancers andm e s o t h e l i o m a s ... . We t h e r e f o r e c on s id er thatwe have s u f f i c i e n t evidence tha t there is in f a c t aserious carc inogeni c risk as soc iated wi th thei n h a l a t i o n o f c h r y s o t i l e f i b e r s . "

• v . p p l b a c k g r o u n d s . f s n e t co.uk

S l i d e 12 © 2000 By D e f a u l t !D e v e l o p m e n t s D u r i n g & A f t e r W T OD e l i b e r a t i o n s on C h r y s o t i l e
C a n a d a argued that risks f o r c h r y o s t i l e expo sures h o u l d not be based on r e s u l t s for t e x t i l e s t u d i e s —in any way.
Case et. al. p r o v i d e d a d r a f t report to WTOconcerning f i b e r burden analys e s o f t e x t i l e workerscompared to c h r y s o t i l e miners and m i l l e r s .
Case e t . a l . analys e s s u b s e q u e n t l y p u b l i s h e d wi thargument s s u p p o r t i n g C a n a d a ' s p o s i t i o n .

A F r e e sample background f r o m w w w . p p t b a c k g r o t j n d s . f s r



S l i d e 1 3 © 2000 By D e f a u l t !

M O R T A L I T Y A M O N G C H R Y S O T I L EA S B E S T O S T E X T I L E W O R K E R S

3022 p r o d u c t i o n workers e m p l o y e d at l eas t 1month between 1940 and 1965.
F o l l o w - u p t h r o u g h December 31 , 1990.
SMRs based on age, race and c a l e n d a r t i m es p e c i f i c d e a t h rates f o r U . S . u s i n g N I O S H l i f e t a b l e .
N e s t e d case-control ana ly s e s f o r l u n g cancer.
Expo sur e-r e spon s e m o d e l i n g f o r l u n g cancer &asbe s to s i s .

. p p l b a c k g r o u n d s . f s n e t . c

Slide 14 © 2000 By D e f a u l t !M o r t a l i t y b y M a j o r Disease G r o u p sAsbe s t o s T e x t i l e Worker s 1940-1990

A F r e e sample b

C A U S E O F D E A T H C A T E G O R Y(9th Revision ICD codes)

A L L C A N C E R
(140-208)
H E A R T D I S E A S E
(390- 398, 402, 404, 410414, 420-429)
R E S P I R A T O R Y
D I S E A S E
(460-466.470-478.480-487.490-5191

• P N E U M O C O N I O S I S & O T H E R
(470478,494-519)

A L L C A U S E S

A L L W O R K E R S

DBS SMR
283 1.19

(1.08-1 .32)
414 1.22

( 1 . 1 2 - 1 . 3 2 )
105 1.75

(1.47-2.05)

69 3.11
(2.52-3 .80)

1258 1.28
(1.21 -1.33)

ackg round f r o m www.pptbackgrounds . f sne t . co .uk
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C h r y s o t i l e Asbe s t o s T e x t i l e Worker sOverall Cancer M o r t a l i t y

A F r e e s a m p l e backgr

C A U S E O F D E A T H C A T E G O R Y
(9th Revision ICO codes)
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C h a r l e s t o n L u n g F i b r o s i s S t u d yGreen e t . Al. ( 1 9 9 7 ) - A n a l y s e s
54 C h a r l e s t o n Worker s
34 C o n t r o l s (mat ch ed on: age at d e a t h , h o s p i t a l ,year of d e a t h )
F i b r o s i s Score b y N I O S H / C A P M e t h o d b y 3P a t h o l o g i s t s .- S e v e r i t y (0-4)- Extend (0-3)- F i b r o s i s S c o r e , S e v e r i t y x Extent ( 0 - 1 2 )
M i n e r a l o g i c a l A n a l y s e s o f T i s s u e s by TEM (38workers and 31 c o n t r o l s )
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C h a r l e s t o n L u n g F i b r o s i s S t u d yGreen et . Al. ( 1 9 9 7 ) - C o n c l u s i o n s
F i b r o s i s scores correlated with e s t ima t ed l i f e t i m ec u m u l a t i v e asbestos exposures a n d l u n g f i b e rburden.
M e d i a n f i b r o s i s scores were h i g h e r than c on tro l s f o ra l l c u m u l a t i v e exposure s i n c l u d i n g t h e lowestcategory of 0.1 to 7.1 f i b er-year s .
M e d i a n f i b r o s i s score for c on t ro l s = 1.0 and 95%had f i b r o s i s scores 3.0 or less.
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R A D I O L O G I C A L C H A N G E S A S M A R K E R S O F E N V I R O N M E N T A L
E X P O S U R E A N D E N V I R O N M E N T A L R I S K O F L U N G C A N C E R
A N D M E S O T H E L I O M A

Gunnar H i l l e r d a l , M.D.
Department s of Lung Diseases
K a r o l i n s k a H o s p i t a l , S t o c k h o l m , a n d A k a d e m i c H o s p i t a l , U p p s a l a
S W E D E N

Introduction
That certain mineral f i b er s can cause disease has been known since the early 20* century, when the f ir s t
cases of a sbe s to s i s were described. In the 1940ies the risk of lung cancer was f i r s t described and later
malignant mesothel ioma. It is now well known that mineral f i b e r s can cause d i s ea s e s and changes in the
lung parenchyma and the p l eura , which are the main targe t s since the f i b e r s are i n h a l e d , but al so in
many other par t s of the body. The medical s tudie s come mainly f r om occupat ional exposures , but
environmental exposure is a l so p o s s i b l e and can po s e grave dangers.
T h e r e are many hundred d i f f e r e n t f i b e r s in the mineral world, both na tura l ly occurring and man-made
ones. Only a few do, however, occur in amounts and environments that make it p o s s i b l e for humans to
be exposed. T h o s e that are known are the ones c o l l e c t i v e l y known as asbes tos and a f i b r o u s z e o l i t e
c a l l e d erionite. T h e r e might well exist other f i b e r s in various par t s of the world that could lead to human
disease but has not yet been recognized.
T h i s review wi l l f i r s t describe the benign pleural l e s ions which can be caused by asbes to s and di s cus s
whether they can be used as "sentinel signs" of such exposure, and then give a short review of f i n d i n g s
and di sease s in "endemic areas", i e p l a c e s in the world where l e s ions and/or di sease s due to
environmental exposure to asbestos have been repor t ed . The d i f f e r e n t asbes tos f i b e r s can give d i f f e r e n t
medical f i n d i n g s .
Diseases and radiological findings caused by asbestos and erionite
Benign pleural lesions
The benign r a d i o l o g i c a l f i n d i n g s which occur a f t e r exposure to asbestos are of two main type s : f i r s t l y ,
these involving the parietal pleura, i. e. the inside of the chest wal l , the diaphragm, and the mediastinal
surface s . T h e s e are c a l l e d p l eura l p laque s . Since the lung is not invo lved , there is only minor or no
a f f e c t i o n of lung f u n c t i o n by these le s ions. S e c o n d l y , there are those le s ions which involve the visceral
pleura, i.e. the outer layer of the lung. T h e s e l e s i ons o f t e n cause a f f e c t i o n of the lung f u n c t i o n ( 1 , 2 ) .



Pleural plaques
The by far most common asbe s to s-re lated l e s ions are the p l eura l p laque s . M a c r o s c o p i c a l l y , they are
shining white e l evat ions with sharp borders. M i c r o s c o p i c a l l y , they consist of f i b r o - h y a l i n e connective
t i s sue containing very few c e l l s . There are no i n f l a m m a t o r y c e l l s within the p l a q u e s , but smal l
aggrega t e s can be seen in their p er iphery , i n d i c a t i n g a low-grade i n f l a m m a t i o n there.
Radiology'. Pleural p laque s are best seen in the f l a n k s of the l u n g s in a f r o n t a l view. T h i s is because they
are most evident when the X-rays hit them t a n g e n t i a l l y . If they are thick enough, they can be v i s i b l e
even if not viewed tangent ia l ly . When they are c a l c i f i e d , they are much easier to recognize.
Diaphragmal p laque s can be v i s i b l e as bu t ton- l ike e l evat ions . The costovertebral sinuses are u n a f f e c t e d .
A slow progres s ion over the years is a very t y p i c a l characteris t ic ( 3 ) .
Plaques are always more wide spread and numerous at au t op sy than at the chest roentgenogram. Only 10
to 15 per cent are seen with conventional r a d i o g r a p h y (4). If l e s s strict criteria are used at r a d i o l o g y , a
few more true p laque s w i l l be d iagnos ed - but the main prob l em is an overdiagnos i s , and in f a c t h a l f or
more of all the diagnosed p laque s do not exist in real i ty. The ILO system is not u s e f u l here: the smal l e s t
"plaques" d iagnosed there ( l e s s than 5 mm th i ck) is very u n s p e c i f i c ( 5 ) . C o m p u t e d t o m o g r a p h y wil l
demonstrate more p laque s but is not su i table for s tud i e s on large p o p u l a t i o n groups. In f a c t , the number
of more p laque s seen are l i m i t e d , and p l a q u e s on the d i a p h r a g m are o f t e n missed (6).
It has to be real ized that r a d i o l o g i c a l criteria for p laque s d i f f e r very much between various readers. In
any s tudy concerning the occurrence of p laque s the criteria used for d iagno s ing them should be c l e a r l y
s ta t ed . If not very strict criteria are used, a cons iderable overdiagnos i s is unavoidable . T h i s is one
p o s s i b l e e x p l a n a t i o n behind the d i f f e r e n t opinions about the impor tance of p laque s .
In the general p o p u l a t i o n in a society where there are no "endemic p laque s " , 80-90 per cent of s t r i c t l y
d e f i n e d p l eura l p laque s are due to o c cupat ional exposure to asbestos (7,8). However , they can be f ound
also in persons with only low-level or sporadic exposure.
There are many normal intrathoracic and extrathoracic structures that can lead to X-ray f i n d i n g s which
may be mistaken for p l eura l p laques . H e r e are some of the more common:
Fat pads are common, e s p e c i a l l y in overweight persons. T y p i c a l l y , they are even th i ckenings along the
f l a n k s which start a p i c a l l y and can be f o l l o w e d sometimes down to the c o s t od iaphragmal junc t i on .
However , they can a l so be irregular, and p laque s can at times be s i tuated on the fat (9). CT scan can
show the fat d en s i ty ( 9 , 1 0 ) .
Intrathoracic muscles can al so cause regular and b i la t e ra l f i n d i n g s . Extrathoracic muscles, e s p e c i a l l y
the anterior serratus musc le , can also sometimes be a problem. T h e s e shadows can be f o l l o w e d out s ide
the thoracic cage, and are regular and "saw-shaped".
"Companion shadows" are s o f t t i s sue shadows along the ribs, and are o f t e n seen a p i c a l l y but are al so
common in the f l a n k s f u r t h e r down, and can be very d i f f i c u l t to d i s c r imina t e f rom early p l eura l p laque s .
Tuberculous infection and haemorrhagic exudat ions a f t e r trauma can lead to c a l c i f i c a t i o n s , u s u a l l y
uni la t e ra l , but t y p i c a l l y these are situated in the visceral pleura.
Rib fractures, when h e a l e d , can a p p e a r very much l ike p laque s . Since f ra c tur e s are o f t e n m u l t i p l e and,
e s p e c i a l l y in a l c o h o l i c s , b i l a t e ra l , care fu l s tudy of the f i l m s is necessary. Each rib should be normal and
the contours without any d e f e c t s for a d iagnos i s of p l eura l p laque s to be made, unless other changes
t y p i c a l of p l eura l p l a q u e s are present.



Otherpneumoconioses. In s i l i c o s i s , p leural c a l c i f i c a t i o n can occur but is rare. T a l c o s i s can be very
similar c l i n i c a l l y and r o e n t g e n o l o g i c a l l y to asbe s to s i s , but it is p r o b a b l y the a sbe s to s found in almost all
t y p e s of t a l c that causes the pu lmonary and pleural changes (11).
Dose-response. The r e la t i on between dose and response for p l eura l p l a q u e s is much weaker than that
for parenchymal asbes tos i s . A good correlation between p l eura l p l a q u e s and asbes tos f i b e r s in the lung
has been shown by many researchers ( 1 2 - 1 6 ) . The mean of asbes tos f i b e r s or bodie s in persons with
plaques is as a rule higher than in the normal popu la t i on , but there is a f a i r l y large variation and a
number of persons with p laque s wil l have values l i t t l e or no d i f f e r e n t f r om the general p o p u l a t i o n
( 1 5 , 1 6 ) . In other words, p l a q u e s are associated with a wide range of asbestos burdens which over lap s
with that of the control p o p u l a t i o n .
Latency time. Plaque s are more re lated to time a f t e r exposure than to the dose. Very few p laque s wi l l
be seen earl i er than 15 years a f t e r the f i r s t exposure to asbes tos , and most wi l l a p p e a r only a f t e r 30
years. In areas where the p o p u l a t i o n is e xpo s ed f rom birth the f i r s t p l e u r a l changes w i l l a p p e a r a f t e r age
30 and the incidence then increases with age. T h u s , occurrence of p l a q u e s is d e p e n d e n t on cumulative
exposure and time since f i r s t exposure ( 1 7 ) . Many p l a q u e s are not seen until l ong a f t e r exposure has
ceased. Once seen, they wi l l s l o w l y grow larger over the years, and with time many wi l l c a l c i f y ( 3 ) .
Occurrence of p l eura l p l a q u e s
P l a q u e s are a common occurrence in most countries, r e f l e c t i n g the extensive use of asbestos some
decade s ago. In i n d u s t r i a l i z e d countries in the c i t i e s , 2 to 4 per cent of all males above age 40 are u s u a l l y
carriers of p l a q u e s ; the prevalence is lower in f e m a l e s and in the countryside ( 1 2 ) .
C l i n i c a l impor tance o f p l eura l p laque s
Plaque s are in themse lve s harmless. T h e y may be regarded as an o b j e c t i v e sign of previous asbe s to s
inhalation, and it is this exposure that is of p o s s i b l e importance for the fu ture health. In the l i terature, it
is sometimes recommended that persons with p laque s should be f o l l o w e d . However , since they are a
f a i r l y common f i n d i n g , regular inve s t iga t i on s of such persons would be c o s t l y , and th i s cost has to be
weighed against the po t en t i a l gains.
Apart from being a sign of asbestos inhalat ion, p l a q u e s are also an ind i ca t i on that s u f f i c i e n t time has
e l a p s e d since the f i r s t exposure to increase the risk of mal ignancy from the asbestos exposure. In many
occupational cohorts, the incidence of bronchial carcinoma is twice or more as high in those with p l eura l
plaque s as in those without but with s imilar exposure ( 8 , 1 3 , 1 4 ) . Persons with p l a q u e s a l so have a risk of
deve lop ing mesothelioma (8). However, as will be described later, the risk of mesothelioma (and
p o s s i b l y al so lung cancer) is r e la t ed al so to the type of asbes tos which has caused the p laques: thus, for
e x a m p l e , there is a much higher risk to d e v e l o p meso the l ioma if the p laque s have been caused by
c r o c i d o l i t e exposure than if they had been casused by a n t h o p h y l l i t e exposure.
T h e o r e t i c a l l y , wide-spread c a l c i f i e d p laque s might restrict the movements of the chest wall and thereby
restrict the lung func t i on. In f a c t , persons with p l eura l p laque s have as a group a somewhat lowered lung
f unc t i on , but whether thi s is due to the e f f e c t on the chest wall or an associated s l i gh t pulmonary f i b r o s i s
is unclear.

V I S C E R A L P L E U R A L L E S I O N S
T y p i c a l for the visceral p l eural l e s ions is that the visceral p l eura , i e the p l eura which covers the lung, is
involved. I n v a r i a b l y , th i s l e a d s to an a f f e c t i o n of the lung parenchyma as w e l l , with an a f f e c t i o n of the
lung funct ion. The so-ca l l ed d i f f u s e p leural th ickening always blurs more or l e s s d i f f u s e l y with the



parenchyma, and there are always more or l e s s d eve l oped "f ibrous strands" or " c r o w ' s f e e t " which
reach into the lung parenchyma; and most o f t e n there is a b lunted co s tophrenic angle. A per iphera l
a t e l e c t a s i s of the lung parenchyma can occur; this has been termed "rounded at e l e c ta s i s" ( 1 , 2 ) .
E x u d a t i v e p l e u r i s y . T h i s can occur s u d d e n l y in a sbe s t o s- expo s ed persons. It can be of any magni tude ,
but can amount to up to two l i t ers . D e s p i t e th i s , the p a t i e n t s are o f t e n f r e e of s y m p t o m s , and the
condi t i on can be a surprise f i n d i n g at X-ray. The exudate u s u a l l y p e r s i s t s for some months and can recur
a f t e r dra inage; however, within a year the exudate is u s u a l l y re so lved. Recurrences can occur, either on
the same or on the other side. R e s i d u a l l y , a d i f f u s e th i ckening of the p l eura or a rounded sinus may be
observed, but o f t e n the exudate w i l l d i s a p p e a r without trace. Any m i d d l e - a g e d or e l d e r l y man with acute
or subacute p l eur i sy should be suspec ted of having been expos ed to asbestos. The d iagno s i s of asbestos
p l e u r i s y is at present based on the history of exposure and the absence of another e t i o l o g y ( 1 8 ) .
Blunt ing of the co s t ophreni c angle in a sbe s to s-exposed persons is a common f i n d i n g , but is very
u n s p e c i f i c , and a large number of persons who have never been expos ed to asbe s to s can show the same.
C r o w s ' f e e t are f i b r o t i c s trands reaching into the lung f r o m a "shrinkage center" in the visceral p l eura.
CT scan wi l l b e a u t i f u l l y show these l e s i ons , which can reach d e e p into the lung.
Rounded a t e l e c ta s i s . A l t h o u g h rounded a t e l e c t a s i s was o r i g i n a l l y described in a s soc ia t ion with p l eura l
e f f u s i o n s and a f t e r th erapeu t i c pneumothorax, there is no doubt that asbes tos is the p r i n c i p a l cause
today. However, any e f f u s i o n , no matter what the cause, can result in a rounded a t e l e c t a s i s .
The c la s s i c mechanism of rounded a t e l e c t a s i s i s that described by Hanke ( 1 9 ) : within a p l eura l e f f u s i o n
a part of the lung becomes a t e l e c t a t i c and adheres to another part of the lung. W h e n the exudate is
resorbed, the adhes ions remain, and when the a d j a c e n t par t s of the lung e x p a n d , some bronchi wil l be
f o l d e d , and thus part of the lung cannot r e f i l l with air - it has become " trapped" . Another mechanism is
that a f i b r o t i c changes invo lv ing the per iphera l part of the lung contracts , f o r c i n g part of the lung to
become a t e l e c ta t i c .
Occurrence of visceral p l e u r a l l e s ions
The visceral p l eura l l e s i ons are much l e s s common than are p laque s . There are no good s tud i e s on their
prevalence , p r o b a b l y mainly due to the f a c t that they are only rarely recognized to be due to asbestos. In
most cases they are diagnosed as remnants of u n s p e c i f i c p l eur i sy .
I m p o r t a n c e of visceral p l eura l le s ions
The visceral p l eura l l e s ions are associated with a u sua l ly quite cons iderable lowering of lung f u n c t i o n
(20). Vi s c era l p l eural l e s ions u s u a l l y also i m p l y a f a i r l y heavy exposure to a sbe s to s , with a risk of other
asbestos-related diseases.
S p e c i f i c i t y o f benign p l eural lesions
S t r i c t l y d e f i n e d pleural p laque s are p r a c t i c a l l y pathognomonic for asbestos exposure. The visceral t y p e s
of p leural l e s ions are more u n s p e c i f i c and may be f ound with many other t y p e s of p l e u r i t i s ( 2 1 ) .
For the purpo s e of "sentinel r a d i o l o g i c f ind ing s" only p l e u r a l p laque s are f e a s i b l e , even if a cohort with
a large number of u n s p e c i f i c p l eura l lesions of the visceral t y p e should alert the e p i d e m i o l o g i s t . To my
knowledge , this has not been described in the l i terature, however.
It is important to real ize the "shortcomings" of p l eura l p l a q u e s in this regard: the long la t ency time of 30
years or more; the strict d e f i n i t i o n s that are necessary to avoid overdiagnos i s; and the f a c t that p laque s
are not rare in an indu s t r ia l i z ed society.



A S B E S T O S I S
A s b e s t o s i s , or pu lmonary f i b r o s i s can occur with exposure to all t y p e s of asbestos. The lung becomes
f i b r o t i c and s t i f f and gas exchange d r a m a t i c a l l y decreases. It is a do s e-re la t ed d i s ea s e , and a f a i r l y high
exposure is necessary to cause the c l in i ca l m a n i f e s t a t i o n which is shortness of breath. Once the process
has s tar t ed , it continues to worsen. A s b e s t o s i s is rare with environmental exposure but can occur a f t e r
many years of s l i g h t exposure.

M A L I G N A N T T U M O R S
The malignant d i s ea s e s due to asbestos are mainly lung cancer and malignant meso the l ioma. A
number of other tumors in the body has been claimed to be increased in asbes tos workers but the
s c i en t i f i c proof varies and they can be disregarded in a review like this one.
Lung cancer is main ly a d i s ea s e caused by smoking. However, exposure to asbes tos wil l increase the
risk in a do s e-re la t ed manner. Most data po int to a m u l t i p l i c a t i v e e f f e c t for smoking an asbes tos . In a
non-smoker, the risk of d e v e l o p i n g a lung cancer is very s m a l l , and even if th i s risk is doub l ed due to
asbes to s exposure, the risk wi l l remain low. In other words, most "asbestos lung cancers" are a l s o
" s m o k e r ' s cancers". It is a l so ea s i ly understood that lung cancer is a d i f f i c u l t d i s ea se to use as a marker
of low dose exposure to mineral f i b e r s , since the main numbers of thi s di sease are caused by smoking
which might vary much in the p o p u l a t i o n .
M a l i g n a n t me so the l i oma, however, has no con-elation to smoking. Apart f rom a very small por t ion
which is be l i eved to be the "basal level" of the di sease and the very rare cases that are due to other
known causes ( f o r instance radiat ion), all cases can be considered to be due to exposure to asbestos (or
erionite). The tumor arises in the p l eura and grows s l o w l y there, compres s ing the lung and in la t e r s tages
invading the ribs and causing the death of the pat i ent o f t e n within a year of d iagno s i s . Rare cases occur,
however, with many years of survival. No curative treatment ex i s t s , though some c y t o s t a t i c s seem to
have some e f f e c t on the tumor. The di sease is dose-re lated but even a s l i g h t exposure can be enough.
Like p l eura l p laque s , the la tency time is u s u a l l y more than 30 years. Rarely, the di sease starts in the
peritoneum.
T h u s , two f i n d i n g s - p l eura l p laque s and malignant me so the l i oma - are u s e f u l as "sentinel" d i s ea s e s ,
ind i ca t ing that asbestos (or er ioni t e) exposure has occurred in the cohort.
Mineral fibers of medical interest
The main t y p e s of asbestos are those cons i s t ing of s traight f i b e r s ( a m p h i b o l e s ) , of which the most
important are croc ido l i t e ("blue asbestos"), amosite ("brown asbestos"), tr emol i t e , and a n t h o p h y l l i t e ,
and those with curly f i b e r s , of which there is only one important t y p e , namely chrysot i l e ("white
asbestos"). T h e s e f i b e r s all d i f f e r in their diameters and l e n g t h s and al so in their a b i l i t y to resist
breakdown in b i o l og i ca l t i s sues. C h r y s o t i l e is by far the most w i d e l y used. It a l so has the f a s t e s t
clearance from the body. Most di sease s seem to be mainly associated with the a m p h i b o l e s ( 2 2 ) .
Environmental exposures are reported only for the a m p h i b o l e s , p robab ly due to the fa c t that chryso t i l e
breaks down to a much larger extent.
Crocidolite is the most dangerous of the asbestos f i b e r s and is not mined any more. It has certain
a b i l i t i e s , such as a high resis tance to acids , that made it a very u s e f u l industrial substance. Amosite is
also nowadays rarely used. Tremolite has been mined only to small extent but is a common contaminant
of chryso t i l e , t a l c and many other ores, such as nickel and iron, all over the world. In add i t i on , it is a



common mineral, occurring in outcrops in many p l a c e s of the world. Anthophyllite has been mined in
F i n l a n d and J a p a n , but it has t oday no industrial use.
Erionite, f i n a l l y , is not a very common mineral. It was formed under certain condi t ions in volcanic areas
of the world and contaminates other z e o l i t e f o rmat i on s there.
Local deposits of fibrous minerals
In many areas of the world , asbestos f i b e r s occur in the s o i l , as remnants of broken down rocks. Farmer s
working with the soil are exposed to the f i b e r s , and in many p l a c e s the l o c a l l y occurring asbestos has
been used for white-washing of houses, construction of f i r e p l a c e s or sauna stones (23-25). As a result
there are areas of the world where pleural p laque s are endemic. S u c h "endemic p l eura l p laques" were
f i r s t described f r o m F i n l a n d and since then many other areas have been reported ( T a b l e I).
The o ld e r age groups can show c a l c i f i e d p laque s in 50 per cent or more r a d i o g r a p h i c a l l y and even more
at au t op sy (up to 100 per cent in persons above age 50) though u s u a l l y the incidence is more modest.
Where the f i b e r s occur in the so i l , farmers are exposed and then the p l a q u e s are more common among
males. Where the mineral f i b e r s are used for white-washing of houses, the women a l s o have a high
incidence of p laque s .
One of the best described countries is Turkey, where there are not only v i l l a g e s with exposure to
asbestos but also some where a non-asbestos f i brou s mineral has been f ound to cause endemic p l e u r a l
changes. T h i s f i b e r is erionite, a f i b rou s z e o l i t e , which was formed during volcanic a c t i v i t y and occurs
l o c a l l y in some few v i l lage s , the best known of which is cal l ed Karain. The erionite occurs in roads,
f i e l d s , and b u i l d i n g stones. A p a r t f rom the p l eura l changes, these v i l l a g e s a l so have an ex tremely high
incidence of malignant meso the l ioma. In f a c t , thi s d r e a d f u l di sease is the main cause of dea th there (48).
Endemic p l a q u e s are of interest also in other countries, since many persons born in these p l a c e s and
l i v ing there in their c h i l d h o o d and youth now have moved to other p l a c e s , taking with them not only the
p laque s but also the risk of meso the l ioma and lung cancer.
What should be done about asbestos and erionite occurring locally?

As mentioned, Turkey is the best inve s t iga t ed country for these local f i n d i n g s , but as can be seen from
tab l e II, many other countries are also a f f e c t e d . Most p r o b a b l y , the p r o b l e m is much more wide-spread
and many other countries in the world p r o b a b l y have s imi lar prob l ems , only the risk has not been
i d e n t i f i e d as yet. T h i s is probab ly most l i k e l y in the d e v e l o p i n g countries, but many of the risks (for
instance, in Corsica and Greece) have been i d e n t i f i e d only within the last one or two decade s , so it is
quite p o s s i b l e that new f i n d i n g s can be made al so in indu s t r ia l i z ed countries.
Once the problem has been i d e n t i f i e d , the most important next s t ep is to in form those a f f e c t e d of the risk
and which habit s should be avoided. For instance, white-washing of houses should be abandoned or
rather other substances should be used. Good result s wil l be achieved by this method alone, as shown in
a recent p a p e r from Turkey where there are indicat ions that the incidence of meso the l ioma is going
down (49), and f r om Metsovo. In the erionite case in Turkey , where the problem is not any p a r t i c u l a r
use of the substance but rather that it occurs in the ground, the only so lu t ion is to move the v i l l a g e .
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T A B L E I. Local d e p o s i t s of mineral f i b r e s (asbes tos or erionite), incidence of p laque s , and of malignant
meso the l ioma
Country T y p e o f
or area f i b e r

T r e m o l i t e
A u s t r i a
Bulgar ia
Corsica
C y p r u s
Greece
N e w C a l e d o n i a
Turkey

P o p u l a t i o n or
a c t i v i t y

Vineyard & f i e l d workers
Tobacco growers
General p o p u l a t i o n
General p o p u l a t i o n
W h i t e - w a s h i n g houses
W h i t e - w a s h i n g houses
W h i t e - w a s h i n g houses

I n c i d e n c e o f
p l a q u e s

Increas ed
Increased
Increased
Increas ed
H i g h
H i g h
H i g h

M e s o t h e l i o m a
risk

Not increased
Not increased
H i g h
H i g h
H i g h
H i g h
H i g h

Referenc

26,27
28
29,30
31
32-35
36,37
25,38,39

Amosite
S o u t h A f r i c a

Farmer s

P o p u l a t i o n around mine

C r o c i d o l i t e
S o u t h A f r i c a P o p u l a t i o n around mine
Rep. of China General p o p u l a t i o n

A n t h o p h y l l i t e
F i n l a n d Populat ion around mine
J a p a n P o p u l a t i o n around mine

Unknown
Czecho s lovakia Farmers
U S S R General p o p u l a t i o n

Erionite
Turkey V i l l a g e r s

H i g h

H i g h
H i g h

H i g h
H i g h

H i g h
Increased

H i g h

H i g h

H i g h
H i g h

40

40
41

Not increased 42-44
Not increased 45

Unknown
Unknown

46
47

Extremely 39,48
high
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Background
T h e M c G i l l p r o g r a m m e o f e p i d e m i o l o g i c a l research i n Quebec c h r y s o t i l e miners a n d
m i l l e r s , i n i t i a t e d in 1965 , was c onduc t ed l a r g e l y in th e b e l i e f t ha t e xpo sure in tha t
i n d u s t r y w a s t o c h r y s o t i l e o n l y . W h i l e i n v e s t i g a t i n g t h e uneven d i s t r i b u t i o n o f p l e u r a l
changes among workers in the various mines and m i l l s , G i b b s was p r o b a b l y the f i r s t to
s u g g e s t , i n 1979, that t h e e x p l a n a t i o n m i g h t l i e w i t h m i n e r a l s o ther than c h r y s o t i l e .
S o m e years e a r l i e r , however, when P o o l e y and R o w l a n d s et al. examined by e l e c t r o n
m i c r o s c o p y l u n g t i s sue taken a t a u t o p s y f r o m f o r m e r miners and m i l l e r s , c h r y s o t i l e and
t r e m o l i t e f i b r e s had been seen in s u r p r i s i n g l y s i m i l a r c onc en tra t i on s . T h e s e
observations raised the quest ion of the extent to which the f i b r o g e n i c and carcinogenic
consequences of e xpo sure were a t t r i b u t a b l e to t r e m o l i t e , c h r y s o t i l e or both.

T h e f a c t t ha t t r e m o l i t e f i b r e s m a y p e n e t r a t e t h e airways more d e e p l y than c h r y s o t i l e ,
and ar e c e r t a i n l y more p e r s i s t e n t in l u n g t i s s u e , ha s l i t t l e e p i d e m i o l o g i c a l s i g n i f i c a n c e
unle s s there is also evidence of the ir greater p a t h o g e n i c i t y . T h a t th i s is so was shown
in the 1980s by a McGill s t u d y of a s m a l l cohort of 406 v e r m i c u l i t e miners and m i l l e r s in
L i b b y , M o n t a n a where, among 165 d e a t h s , there was a s u b s t a n t i a l excess of l u n g
cancer, NMRD, and f o u r d e a t h s ascribed to m e s o t h e l i o m a . At the same t i m e , a
r a d i o g r a p h i c survey of current and retired L i b b y mine workers f o u n d a close c o r r e l a t i o n
between prevalence of s m a l l opac i t i e s and cumula t iv e exposure (f/ml.y). A f u r t h e r
observat ion of p o t e n t i a l i m p o r t a n c e , made by S e b a s t i e n et al., was that the
c o n c e n t r a t i o n of asbestos b o d i e s in s p u t u m was as good or bet ter a p r e d i c t o r of
r a d i o g r a p h i c change s a s c u m u l a t i v e exposure e s t imat ed f r o m e n v i r o n m e n t a l
measurements. M o r t a l i t y a n d r a d i o g r a p h i c s t u d i e s u n d e r t a k e n b y N I O S H i n p a r a l l e l , b u t
on s l i g h t l y d i f f e r e n t s t u d y group s , resulted in very s i m i l a r f i n d i n g s to our own. It was
u n c e r t a i n , however, whether the f i b r e s to which these workers were e x p o s e d , a l t h o u g h
c l a s s i f i e d m i n e r a l o g i c a l l y as in the t r e m o l i t e series, were ne c e s sar i ly the same
b i o l o g i c a l l y a s those f o u n d in a s s o c ia t i on wi th Quebec c h r y s o t i l e .



T r e m o l i t e c o n t a m i n a t i o n o f c h r y s o t i l e
In the cohort o f some 11,000 m a l e Quebec miners and m i l l e r s , a l m o s t 10,000 of whom
were a l iv e in 1930, 38 cases of m e s o t h e l i o m a were i d e n t i f i e d among over 8000 d e a t h s
b e f o r e 1993. Of the s e , f i v e were f r o m a s m a l l a sbe s to s p r o d u c t s f a c t o r y where
commercial a m p h i b o l e s were a l s o used and the r emain ing 33 were in miners and
m i l l e r s : 25 f r o m mines in the T h e t f o r d M i n e s region and e i g h t f r o m the l a r g e mine at
A s b e s t o s . T h e r e was reason to b e l i eve that the p r o p o r t i o n of t r e m o l i t e in the c h r y s o t i l e
was some three t imes h i g h e r in the f o r m e r than the l a t t e r , but it was not then known
whether t h e d i s t r i b u t i o n o f t r e m o l i t e w a s r e s p o n s i b l e f o r t h i s a p p a r e n t d i f f e r e n c e i n risk.
To re so lve t h e q u e s t i o n , an a n a l y s i s wa s made o f d e a t h s f r o m m e s o t h e l i o m a ( 2 1 ) ,
cancers o f th e l u n g ( 2 6 2 ) , l a r y n x ( 1 5 ) , s tomach ( 9 9 ) , and co l on and rectum ( 7 6 ) in men
e m p l o y e d by th e l a r g e s t c ompany in T h e t f o r d M i n e s , w i t h c l o s e l y matched r e f e r e n t s .
Risks were e s t imat ed by l o g i s t i c regres s ion for these f i v e cancers in two g r o u p s of
mines - f i v e mines l o ca t ed c e n t r a l l y and t en mines l o ca t ed p e r i p h e r a l l y ; t r e m o l i t e
c on tamina t i on had been demonstrated to be some three t imes h i g h e r in the f o rmer than
in the l a t t e r . O d d s ra t io s for work in the central mines were f o u n d to be raised
s u b s t a n t i a l l y a n d s i g n i f i c a n t l y f o r m e s o t h e l i o m a a n d l u n g cancer, b u t n o t f o r t h e g a s t r i c ,
i n t e s t i n a l or l a r y n g e a l cancers. In the p e r i p h e r a l mines , or indeed in A s b e s t o s , Quebec,
there was l i t t le or no evidence of increased risk for any of the se f i v e cancers. The
h y p o t h e s i s t h a t , because o f t h e d i f f e r e n c e in d i s t r i b u t i o n o f f i b r o u s t r e m o l i t e , cancer
ri sks in the central area wou ld be greater t h a n in the p e r i p h e r y , was t h u s c o n f i r m e d ,
i m p l y i n g that t h i s m i g h t w e l l b e du e t o t h e i r f ar greater b i o p e r s i s t e n c e .

B i o p e r s i s t e n c e and th e a m p h i b o l e h y p o t h e s i s
Use of a s i n g l e commercial term, a sbe s to s , to cover at l ea s t f i v e f i b r o u s s i l i c a t e
m i n e r a l s , each with quite d i f f e r e n t p h y s i c a l , chemical and b i o l o g i c a l p r o p e r t i e s , has
done much t o i n h i b i t p r o p e r c o n s i d e r a t i o n o f t h e i r i n d i v i d u a l h e a l t h e f f e c t s . Wherea s i t
has been c o n s i s t e n t l y e v i d e n t f r o m cohort s t u d i e s o f Quebec miners and m i l l e r s s ince
the ear ly 1970s that c h r y s o t i l e rare ly caused m e s o t h e l i o m a a n d , except at very h i g h
l e v e l s of e xpo sur e , was not a m a j o r cause of l u n g cancer, c o m p a r a b l e i n f o r m a t i o n on
miners and m i l l e r s of c r o c i d o l i t e and amosi te was not a v a i l a b l e u n t i l 20 years later.
M e a n w h i l e , t h a n k s t o the f a c t tha t o c c u p a t i o n a l e xpo sure s were u s u a l l y t o c h r y s o t i l e
a m p h i b o l e m i x t u r e s , t h e f i e l d became c o n f u s e d and s u b j e c t t o c o n s i d e r a b l e controversy
about what has become known as the a m p h i b o l e h y p o t h e s i s .

T h e d i f f e r e n c e s i n o p i n i o n l i e p r i m a r i l y i n t h e i n t e r p r e t a t i o n o f t h e e p i d e m i o l o g i c a l da ta .
Cohor t s exposed on ly to commercial c h r y s o t i l e experienced far fewer dea th s f r o m
m e s o t h e l i o m a and g e n e r a l l y lower SMRs f r o m l u n g cancer than those in which
exposure had been to the commercial a m p h i b o l e s or to p r o d u c t s to whi ch the
a m p h i b o l e s had been a d d e d . In summary, of 11,538 d e a t h s in c h r y s o t i l e cohort s , 44



were f r o m m e s o t h e l i o m a and 267 were l u n g cancers in excess- p r o p o r t i o n a l m o r t a l i t i e s
of 3 .8 and 23.1 per t h o u s a n d r e s p e c t i v e l y . In a m p h i b o l e - r e l a t e d c ohor t s , o f 19,622
d e a t h s , 590 d e a t h s were f r o m m e s o t h e l i o m a and 1042 l u n g cancers in excess -
p r o p o r t i o n a l m o r t a l i t i e s o f 30.1 and 53.1 per t h o u s a n d . A l t h o u g h these d i f f e r e n c e s in
ri sk are l a r g e and c o n s i s t e n t , o thers have drawn qui t e d i f f e r e n t c o n c l u s i o n s .

At the heart of the controversy l i e s a f u n d a m e n t a l l y di f f ering view of the i m p o r t a n c e of
b i o p e r s i s t e n c e i n carc inogene s i s . I t i s g e n e r a l l y agreed tha t a m p h i b o l e f i b r e s a r e f a r
more d u r a b l e in l u n g t i s su e t h a n c h r y s o t i l e , and many see t h i s as the e x p l a n a t i o n of
what i s observed in human s t u d i e s . W i t h i n the same c o n c e p t u a l f r a m e w o r k the r e s u l t s
o f c o n t r o l l e d l u n g burd en s t u d i e s f i t w e l l , a s do the current views o f e x p e r i m e n t a l i s t s on
the role o f b i o p e r s i s t e n c e . On the other h a n d , those c r i t i c a l o f the a m p h i b o l e h y p o t h e s i s
s ee d i f f e r e n c e s in f i b r e p e r s i s t e n c e as a reason for r e j e c t i n g the r e s u l t s o f l u n g burden
s t u d i e s , c o n t i n u i n g in s t ead to put more store on f i b r e d i m e n s i o n s .

R e s u l t s now in press of a n a t i o n a l case-referent s t u d y in the UK of 115 recent cases of
m e s o t h e l i o m a in men aged <52 years at d e a t h , w i th l u n g f i b r e a n a l y s i s in 69, do not
s u p p o r t the view of the cr i t i c s . O d d s ra t io s were s i g n i f i c a n t l y raised in o n l y 8 of 37
i n d u s t r i a l o c c u p a t i o n s - c a r p e n t e r s , p l u m b e r s , e l e c t r i c i a n s , i n s u l a t o r s , u n s k i l l e d
c on s t ru c t i on workers and men e m p l o y e d in s h i p / b o a t b u i l d i n g or the m a n u f a c t u r e of
cement and other a sbe s to s p r o d u c t s . A m p h i b o l e f i b r e s were f o u n d in all but 6 of the 69
cases, in concentrations re lated l i n e a r l y and h i g h l y s i g n i f i c a n t l y to a d j u s t e d o d d s ratios.
The e s t i m a t e d p r o p o r t i o n of cases a t t r i b u t a b l e to a m p h i b o l e s was 84%, i n c l u d i n g 7% to
t r e m o l i t e , o f t e n c on s id er ed a marker f o r c h r y s o t i l e .

L i b b y u p d a t e
So far as the a m p h i b o l e f i b r e , t r e m o l i t e , i s c oncerned , ev idence for a h i g h l eve l o f
c a r c i n o g e n i c i t y , e q u i v a l e n t inde ed to that of c r o c i d o l i t e , i s s t r o n g l y s u p p o r t e d by a recent
u p d a t e of the L i b b y v e r m i c u l i t e m i n i n g cohort. Of the 406 men o r i g i n a l l y i d e n t i f i e d , 165
had d i e d by July 1 , 1983; the 241 survivors have now al l been f o l l o w e d u n t i l J a n u a r y 1 ,
1999, among which there had been 120 d e a t h s , all with c e r t i f i e d cause. A c o m p a r i s o n
o f SMRs in the two p e r i o d s , a g a i n s t m o r t a l i t y rates, f or US w h i t e m a l e s , i s shown in
T a b l e 1. The r e s u l t s in the two p e r i o d s are very s i m i l a r , except that the t o ta l number of
m e s o t h e l i o m a d e a t h s ( e x c l u d i n g three p o s s i b l e cases) had now reached 12 (PMR =
4.2%), and ex t ernal causes (i . e . a c c i d e n t a l d e a t h ) are no l o n g e r in excess. Risks in
re la t ion to dura t i on and in t en s i ty of exposure are now being analys ed .



T a b l e 1. L i b b y Cohort of v e r m i c u l i t e miners exposed to f i b r o u s t r e m o l i t e (n = 406)
Death s t o J u l y 1983 D e a t h s s ince J u l y 1983*

n SMR n SMR
R e s p i r a t o r y cancers 23 2.45 21 2.22

All o ther cancers 20 1.09 19 1.21
NMRD 21 2.55 30 3.35
C i r c u l a t o r y d i s ea s e s 65 0.87 36 0.96
E x t e r n a l 23 1.87 3 0.99
All causes 165 1.17 1.20 1.34

( i n c l . m e s o t h e l i o m a ) 4 (PMR = 2.4%) 8 (PMR = 6.7%)
to Jan 1, 1999

S y n t h e s i s
F u r t h e r c o n s i d e r a t i o n of the research which has been reviewed s u g g e s t s r ea s onab l e
and p r o b a b l y r e l i a b l e conclus ions. Our f i n d i n g s at L i b b y , s u p p o r t e d by the earl i er
s t u d i e s o f N I O S H , i n d i c a t e t h a t a m p h i b o l e f i b r e s i n t h e t r e m o l i t e s erie s , i n t h e absence
o f a n y o ther asbe s to s f i b r e t y p e s , a r e h i g h l y f i b r o g e n i c a n d c a r c i n o g e n i c f o r bo th l u n g
a n d p l e u r a . R e s u l t s f r o m t h e M c G i l l a n d N I O S H s t u d i e s i n t h e 1980s e s t i m a t e d t h e
excess risk of l u n g cancer to be about 1% per f i b r e year and of s m a l l r a d i o g r a p h i c
o p a c i t i e s ( > 1 / 0 ) , at r o u g h l y 0.6% per f i b r e year. The excess m o r t a l i t y , al l causes, in the
L i b b y cohort to d a t e , for whom the mean c u m u l a t i v e e x p o s u r e i s e s t i m a t e d at 145 f/ml.y,
was 13.3%. A s s u m i n g l i n e a r i t y , and i g n o r i n g other p o s s i b l e f a c t o r s , the e s t imated risk
( a l l cause s) i s t h u s about 0.09% p e r f / m l . y . T h e s e l e v e l s o f ri sk a r e p r o b a b l y s u f f i c i e n t
to e x p l a i n most i f not al l the adverse e f f e c t s o f e xpo sur e to commerc ia l c h r y s o t i l e .

The v a l i d i t y o f a l l these e s t ima t e s i s pu t into q u e s t i o n , however, by the f a c t t ha t in both
T h e t f o r d M i n e s and L i b b y , risks were r e la t ed to d u r a t i o n of e m p l o y m e n t but not to
average i n t e n s i t y o f e xpo sur e . H a v i n g regard f o r t h e e x t r e m e l y uneven g e o l o g i c a l
d i s t r i b u t i o n of t r e m o l i t e d e p o s i t s in both these l o ca t i on s , it is not s u r p r i s i n g that average
e xpo sur e i n terms o f f / m l i s v i r t u a l l y i m p o s s i b l e t o e s t imate . T h i s l i m i t a t i o n a p p l i e s
p a r t i c u l a r l y to any a t t e m p t at a s s e s s ing general e n v i r o n m e n t a l ri sks for i n h a b i t a n t s o f
regions where d e p o s i t s o f f i b r o u s t r e m o l i t e occur. I n these c i r cums tance s , t h e f u r t h e r
d e v e l o p m e n t and q u a n t i f i c a t i o n o f asbestos b o d i e s in s p u t u m may p r o v i d e a u s e f u l
a p p r o a c h .



H E A L T H I
N O N O C C U P A T I O N A L

EXPOSURE

Marcel ( S o l d b e r e
, . . . . . : , i : ! i M ' • - . : :

: : i c { , - ; • M U ! . ; :
: ' : : : ; ; i ; ! ; : i ; \ ' \ i\j\[:f : ' : » ^ ' i

I N S E R M I Prance



N T F I I S J : ' i ! i ^ P i i Mill V/111 \J \*s\*s U fj:*. 1 mmi A™ sfililliif!

Domestic expo sure f r o m
E n v )..;•.f o n m e n t a 1
p o l l u t i o n

e o s
P;::;Oj;;S|;U| l | lJ



'. Newhouse et al (1965), IMben *\ ei al
. . « f £ « / f / £ ^Schneider et^l (1996)^^
cases in spouses of asbestos workers (cleaning contaminated
work-clothes),: and; in i yaribilfc^ddiii^^
' c i r c u m s t a n c e s ; ; ; (tonta^
Magnani etal (2000): p opulation-based f̂ a|;̂ b̂i|||b| |jf f t i d y |i^
three: countries;: (Siyiteerlaiid^! ^^^jl^3^
controls without :kiioiyh; ^i&ii?ii^
risk for domestic exposure (()!l^i^
Bourdes ei al (2000): tafe ta-ai i i iEii l^
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Wag n e;; , *• : ; • e / • : : : • ;#;! \ I \ § [: occupational exposure r 1 1 ! ; : ; ;
: | j j ; | H [ : v ! : i i j 1 ' ! : i f | ] [

fakfo^^a^j^^j^^
known' occupational; exposure^^cii^
"1970, 76 ! H v e d ' i i < e i ^
I ? o / A a ' ^ « / ( 7 5 S $ ^ e x < ^

. asbestosis ' a n d . mesotlielioma^lii^C^
- d i s t r i c t s ' , compared' • T t f i t h l ' c o i i t r o l i ' ^ ^[Rees'etal:(W9ty':]3ri^i^

: environmental exposure, 201
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• Armstrong et^^^
mesothel ipmas withb^
occurring between 1960 aild i9$6 î |̂• .iiVeti;^^

• Hansenetal (1998):^^
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, . ' ' . ' . (n=4,659) n o t ; e m p l 6 y e d : ; i n ^ t l i e ; l ; C
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• Camus etal
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• Finland: ;
: ( / K z ) f f e o t o , : ; 7 5 6 ^ , ; Bulgaria;

, (Hiraoka ei al> T998)i high; f r ^ c j t i e i i c ^ ^
among : j > e o p j e ! i l i v i ^

. m i l . 1 i i : n ; g \ : ! ; ; : f a c I i • ; 111 : i : : e ! • s î|tp|̂
• Austria (JSfetiberger et^

plaques among;peop l e; living <AM^^^j§j^• • AcxiNoi jr^
• ' ; China^(Lu() lei;^i99fy^

p o l l u t i o n rural area" compared to £i ̂ ô |̂ ^
same province: strong excess of liiiij| ^̂ iî ei* (R^
mesothelioma. :.(RR=i82) \ ' . ; ; ; ; • ; ; • ; ; ; l g | ^ i i i l l i l i j i i i i i i l l S i i i l i ! ; : i { i I i l l S S l l ^ S l i ^
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• S n i a l l l t a l i a n town (40$^^
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• • . • ' , ' Asbestos-cement: ^factory i jC>i>erat i i igi : iiili|10
v. 1 9 8 5 : ! ' i i i u a J ^ ^ ; C ^
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' ; . : . ' exposures ( 2 6 ; men, i j ^^riiein);: :di£i^o
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••"-airborne f i b e r s >5 Urn ; ; i & t * 3 ! t * f t t ! ^
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• Magnani ei al (2QQO)\ id$p^^ 11111!
control study in three cotiiiiiii^s|li^
53 cases and 232 c o n t r o l s ' ^ $ | f f i i ^
exposure; elevated risk l l f t i^ i iy i i i^

• • : mines, -aslie^^£iii0ii:i^etc.(OR=11.5); dose-resporis^ j>^ttei*ii ^
' f a c t o r i e s ' ' • ; : • • • • ' . :

;
; ' • : • ; • • • • : ; ! 1 ! ! • ; l ^ - h ; • ^\;^li;IR.H;:i>1-;^!)U-[i!^;^

• Bourdes tf:M>(2Qdti).i-$t£^
summary RR for neighborhood j$$$^^
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Bans 'et>al(1978)W79)+DiM^
incidence of mesothel ipma in tii6 ;̂ |̂|||f §|| |£fi<| j* * 1^1
cases. diagtiosed:;bet^eeii;tiM
Karain (600inhabita^^
deaths). :: ERIO :MITE :.' ^;:;|!\\'-'•.:-\',^:W^^':1lltfSlSil!illlilllllllilllH

high incidence of pleura! plac^es, a s l j e^ td s
mesothelibiiia ill d i f f e i * e h t ^
the Southeast of Turkey| iiiai:e^ial ^^ jffibS
mountains and used f i o i 4 i^llite^
houses^ mainly t^^

I ^ ; : ; : ; ; : * • :



Greece
Bazas ei al (1985), €onstani<$oulosfti^
al(1987)>-SichletidiS:et^
(1996)Xhe '• use bf a : T R E M d i l l ' E / c ^ ^
for whitewashing houses associatedf|^^

•pleura! ' c a l c i f i c a t i o n s ' , ^Metsovo
mesothelioma in the l^orthwest



(Goldberg et al, 1991,199^

I d e n t i f i c a t i o n of a cluster
of mesothelioma
Sex ratio close to one
Some young cases
No history of occupational
exposure to asbestos for 26
cases among 28
Mainly Melanesians ( 2 3 / 2 $ )
Most of the cases in the
same rural area

I I11



H i e n g h e n e
T o u h o

P o i n d i m i e
Poner ihouen

H o u a ' i l o u
C a n a l a

K a a l a - G o m e n
Voh

K o n eN o r t h^ovince Pouembou Sarramea
T h i oPoya

Bourail
M o i n d o
F a r i n o

B o u l o u p a n 0
XP a i ' t aDumbeaN o u m e aM o n t DoreS o u t h3rovince





Case^cdii^^
; ; ' ' ; I i i ; i 1 1 : i i ; i \ i i ; i ; : : i . ; • ORs; f o t e xpo s i i tg

; : . • : ' • " ; ; • : ' : ' ' ' . : ' : ; : : ' : ______^:^^;f:^^v'^?^^^-nm ,<;.rr.«:**t*,.,,,
Ever exposed ; ; • • ; ; : i:;;:;% | (41; (5-325)
Exposed d u r i r i g < 2 0 $ \ ; ; M 2 2 (2-221) ; ;: ; ; ; ;}•• ̂ ^iiSliii!^^
Exposed during ^20 y 65
A g e f i r s t exp:; b i r t h j ' ; ; : ' - . ! • 5 3 (6.5
Age f i r s t exp:<16 y 2C
Age f i r s t exp:>16y



McConnochie (1987): cluster of iiiesp^lli^M^ ^
environmental exposure froi i i an ai5|î ||||î
whttierw^^^
TREMOOTE f i b er s fbur id ili^^ ^
o f a n i m a l s ; ; ; ; ' ' : : ; I i : : . ' : : ; i i ; ' ' . " - ^ ! ^ m H H ' ^ M \ ! ^mMK
al (1993) rexcess of pleural plaques meS iii

^Northeas t
amounts of CHRYSOTILE
Paoletti et (2000): duster of
a town where stones f r b i t t
local building industry; samples
buildings and lung of a
T R E M O U T E - A C r O N O L I t E -
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What did
exposure e

Evidence of strong e f f e c t s of non-
occupational exposures* domestic*
industrial and natural
No d i f f e r e n c e between men and
women : . • . ' " : ! ; - ! ^ ' - - - : - ^ r : ' : - ' , i:^\:\\\::i:-^^
No apparent e f f e c t of age at f i r s t
exposure (latency^ risk)

,e

m•

.i!p^

Jtreqi i ehcy



Key d^
• T y p e of f i b er s
• Inten s i ty of exposure
• Cumulative levels of

d i f f e r e i i t i i^ i lMit i l i l f e e i



What is needed fpy risl|for environMental
F i b e r ' characteristics : ; | ; | ; ; ; ; : , ; ; ; ? • ; : • ; : : \ ; : : i i j j | ; | l i f t [ I S I I S i H l
Intens i ty of exposure associated With f arious
circumstances: and: .activities l : ; • • ; : ; : ; • ; : : > ; ^ ^ S I f } § i ] j . i . l i f i f [ f f i
L i f e t i m e histories of duration and fr^t|U^tl^ df
these circumstances and activities

m



2001 Asbes to s H e a l t h E f f e c t s C o n f e r e n c eO a k l a n d , C a l i f o r n i a
F r i d a y , May 25, 2001
8:30 - 8:40 W e l c o m e and review of agenda
8:40 - 10:00 S e s s i o n 3. T o x i c o l o g y , P a t h o l o g y , M e c h a n i s m s

I n t r o d u c t i o n by K e v i n D r i s c o l l , S e s s i o n C h a i r , Proctor and G a m b l e Pharmaceut i ca l s ,U S A
C y n t h i a T i m b l i n , U n i v e r s i t y o f V e r m o n t , U S AMolecular and cellular mechanisms of asbestos fiber toxicity
Bice F u b i n i , U n i v e r s i t y o f T o r i n o , I t a l yThe physical and chemical properties of asbestos fibers which contribute to biological activity

10:00-10:15 Break
10:15-12:00 Ses s i on 3. T o x i c o l o g y , P a t h o l o g y , M e c h a n i s m s ( c o n t i n u e d )

G u n t e r Oberdorster, U n i v e r s i t y o f Rochester, USAFiber characteristics, environmental and host factors as determinants of asbestos activity
Agnes Kane , Brown U n i v e r s i t y , USAMechanisms of asbestos carcinogenesis
Discussion: T o x i c o l o g y , P a t h o l o g y , M e c h a n i s m s

12:00-1:00 Lunch (on your own)
1:00 - 2:30 S e s s i o n 4. R o u n d t a b l e Discus s ion of Risk Asses sment M e t h o d s
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I s o t y p e I g G Control





A S B E S T O S H E A L T H E F F E C T C O L L O Q U I U M
EPA, Oakland CA, 24-25 May 2001

The physical and chemical proper t i e s of asbestos f i b e r s which contribute to b io logical activity
Bice F u b i n i , Universita di Torino (Italy), Department of Chemistry IFM and Int erd epar tmen ta l
Center "G. Scanse t t i" for S t u d i e s on Asbe s to s and other T o x i c Part iculate s
In spi te of the massive experimental work on asbestos t ox i c i ty , p er f ormed in the past 15 years, the
pathogenic mechanism/s at the molecular level are s t i l l p a r t i a l l y obscure. As recently reported by
K a m p and Weitzmann ( 1 9 9 9 ) , who did pioneering experiments on asbestos mechanisms, "...no single
mechanism fully accounts for all the complex biological abnormalities caused by asbestos." T h i s is
even more so when it comes to the physico-chemical f e a t u r e / s which impart the carcinogenic potency
to asbestos. Particulate toxicants, i.e. toxicant which act as p a r t i c l e s and not as a s impl e molecule
(molecular t ox i can t s) , such as asbestos f i br e s , are complex entit ies . T h e y act through contact between
their surface and ce l l s and tissues. The surface is usually d i f f e r e n t from the bulk, and exhibits reactive
sites, whose nature much d e p e n d s on the history of the sample. T h e r e f o r e we may have par t i c l e s with
the same nominal composit ion, but with remarkably d i f f e r e n t s tates of the surface , hence tox i c i ty.
Moreover the surface may acquire contaminants from the environment and uptake endogenous
molecules when within l iving matter, hence progres s ively changing its chemical nature. Because of
the l ong biopers i s tence, several contacts between f i b e r s and c e l l s may take p lace in d i f f e r e n t
biological compartments, not necessarily involving the same surface chemical funct ional i t i e s .
On the basis of experimental f i n d i n g and ep idemio log i ca l s tudies, three main f a c t o r s appear to
contribute to asbestos related health e f f e c t s : i, the form of the f i b e r , ii, the mineralogical, chemical
and surface composition, iii, the biopersistence (Fubini and Otero-Arean, 1999). These features will
be examined s e p a r a t e l y and analyzed on the basis of the f i v e mechanisms of f i b e r carcinogenesis
reported by Kane et al. ( I A R C 1 9 9 6 ) .
Long thin f i b e r s are more potent than short ones or isometric analogues. F a c t o r accounting for this
are: d epo s i t i on , easier translocation to the pleura, frus trated phagocyto s i s , inhibition of clearance, and,
in some cases, d i f f e r e n t surface behavior. Few at t empt s have been made to investigate which, of the
biochemical and c e l l u l a r responses e l i c i t ed by asbestos f i b e r s , depend upon f i brou s habit and size.
Mossman and coworkers have compared f i b e r s with non-fibrous analogues and Davis and coworkers
short and long f i b e r s from the same batch. Fibre s were more e f f e c t i v e than non-fibrous materials, in
all the cases examined, except in NO induction (Quinlan et al., 1998); long f i b r e s were always more
b i o l o g i c a l l y active than short ones. Some chemical propert i e s , however, were d i f f e r e n t in short and
long f i b er s (Donaldson et al., 1995; Graham et al., 1999). S u r f a c e propert i e s of the non-fibrous
analogues were not reported in the relevant papers. More data, from several well characterized
sources of materials, are required to discriminate which biological response is related to the physical
or to the chemical nature of the f iber s .
The composi t ion of the mineral comprises f ibrous and non f i brou s mineral contaminants, chemical
composi t ion of the f i b e r , state of the surface and surface contamination by exogenous and endogenous
matter. As numerous in vitro and in vivo studies indicate a prominent role of iron catalyzed generation
of ROS (Reactive Oxygen S p e c i e s ) and, more recently, RNS (Reactive Nitrogen S p e c i e s ) in the
mechanisms of asbestos toxicity (reviewed by H a r d y and Aust, 1995; Kamp and Weitzman, 1999),
attention needs to be f o cu s s ed on the iron ions at the f i b er surface. Iron may be constitutive of the
mineral ( c r o c i d o l i t e , amosite, act inolte and a n t o f i l l i t e ) , substitute for magnesium ions (chrysot i l e ,
tremolite), or be deposited exogenously/endogenously. The e f f e c t s caused by iron do not relate with
the total iron content (Fubin i et al. 1995, Fubini 1996). Iron may be mobilized by chelators or c e l l s
(Chao et al, 1994; Chao & Aus t , 1994) or be depos i t ed ( S h e n et al., 2000) Only if iron at the sur face
is poorly coordinated it may be easily mobilized by endogenous chelators or act at the surface, as a
pers i s tent center for the catalys i s of ROS. Iron cycl ing at the f i b e r surface , as well as a ca ta lyt i c
mechanism of ROS generation, provide chemical systems whose action may continue as long as the



f i b e r is present, thus accounting for the long latency of asbestos related health e f f e c t s . Two separate
surface sites generate the HO° radical from EbC^ or cleave hydrogen-carbon bonds ( F e n o g l i o et al., in
press). Iron ions at the sol id surface fix irreversibly NO molecule s (Martra et al., 1999), sugge s t ing
p o s s i b l e interference with i N O S activation. All these e f f e c t s are m o d i f i e d by thermal or chemical
m o d i f i c a t i o n of the surface (Otero Arean et al., 2001; F e n o g l i o et al., in press). Iron d e p o s i t i o n to form
asbestos bodies was regarded as d e f e n s e mechanism towards the f i b e r s . It is a process f i b e r - s e l e c t i v e ,
as it mos t ly occurs with long amphibole s f iber s . Whether d epo s i t ed iron is s t i l l active is under debate,
as contrasting results have been reported (Lund et al., 1994; Ohio et al., 1997). Ferri t in, however, was
f ound to adsorb s t rongly on croc ido l i t e and amosite, be m o d i f i e d and cause s ign i f i cant damage to
DNA in presence of ascorbic acid ( F u b i n i et al., 1997; Otero Arean et al., 1999). T h i s result is in
agreement with the increased DNA damage found for amosite-core asbestos bodies, when compared
to the e f f e c t produced by the naked f i b e r (Lund et al., 1994).
Biopersis tence, is not merely linked to s o l u b i l i t y in an aqueous medium. It d e p e n d s upon d epo s i t i on ,
clearing e f f i c i e n c y , which is in turn related to sur face proper t i e s . In vivo extensive reaction with
endogenous material s may take place. Both glutathion and ascorbic acid (Brown et al., 2000;
F e n o g l i o et al., 2001), the two major antioxidant d e f en s e s in the lung l ining layer, have been reported
to react with f i b e r s , thus d epr iv ing the body of the d e f e n s e s against the toxic produc t s of the material
i t s e l f .
At the present level of knowledge any association between each of the mentioned physical and
chemical characteristics and the s ingle heal th outcomes, lung cancer, malignant mesothel ioma,
f ibro s i s and pleural plaque, is obviously tentative and speculative. We may note however that the
empirical r e la t i on sh ip s from e p i d e m i o l o g i c a l s tudies report a linear correlation between cumulative
exposure and lung cancer, with tobacco smoking acting synerg i s t i ca l ly . The s l o p e appears industry-
s p e c i f i c but the type of asbestos does not seem to be correlated to lung cancer risk ( B o f f e t t a et al.,
1998) At the o p p o s i t e , mesothel ioma induction is described by a model involving a power func t i on
of time since f i r s t exposure and la t enc i e s f rom 20 to 40 years, with a carcinogenic potency on the
pleura s p e c i f i c to both, industry and type of asbestos ( B o f f e t t a et al., 1998). The f i b e r characteristics
causing the processes yie lding these two diseases not necessarily should thus be the same: mineral
f i b e r s (asbe s to s , erionite, ceramic f i b e r s ) are the only known cause of mesothel ioma, sugge s t ing
f i brou s habit as a perquisi te for this type of diseases. The l ong latency per iod s indicate a prominent
role of b iopers i s t ence while a vast number of experimental s tudie s evidence ox idat ive damage, see
e. g. the development of mesothelioma in p53 d e f i c i e n t mice ( M a r s e l l a et al., 1997) as one of Ihe key
event in the deve lopment of the disease. As tremol i t e , erionite and ceramic f i b e r s , which are potent
carcinogens for the pleura, do not v ir tua l ly contain any iron, the oxidative damage wil l be sustained by
few iron traces at the f i b e r sur face , acting as catalyst s for ROS generation. Amphibo l e s , because of
their mineralogical structure, are more potent carcinogens than chrysotile. Converse ly lung cancer,
which is u sua l ly associated to persi s tent in f lammat ion , may be related to the continues activation of
macrophages and PMN by the f iber burden, generating growth factors ( f i bro s i s) , inf lammatory
cytokines, and rad i ca l s arising form reactions among f i b e r derived radical species and cell derived
ROS and R N S . Beside d e p o s i t i o n and frus trated phagocy to s i s , any add i t i ona l role of the f i brou s habit
in lung cancer s t i l l needs to be e luc idated. As all asbestos appear nearly equal ly potent , l ength and
form of the f i b e r appear non-influent on the outcome of the disease.
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\The Hallmarks of Cancer
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Multiple Stages in the Development and Progression of Cancer
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Direct Mechanisms of Asbe s to s Carcinogenesis

Mechanism Experimental End-po int s
Genotoxic Oxidized bases

DNA breaks
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Mitogenic
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Activation of signal transduction
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B R O N C H O G E N I C C A R C I N O M A

- r e spon s i b l e for m a j o r i t y of asbestos - related deaths
- c igaret te smoking and asbestos exposure g r e a t l y

increase the risk of bronchogenic carcinoma
- latency of 10-30 years
- po s s i b l e increased risk with asbestosis



H i s t o l o g i c S u b t y p e s of Human Lung Cancer

S u b t y p e
Bronchio loa lveo lar carcinona
Adenocarc inoma
S m a l l cell carcinoma
Large cell carcinoma
Squamous cell carcinoma

% of H i s t o
Smokers (n=2708)

71
82
99
93
98

logic S u b t y p e
Non-smokers (n=218)

29
18
1
7
2
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Frequent A l t e r a t i o n s in Oncogenes in Human Lung Cancer

Oncogene
% o f T u m o r s with H i s t o l o g i c S u b t y p e

S m a l l C e l l Carcinoma N o n - S m a l l C e l l Carcinoma
K-ras
myc

C-erb B-2
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mdm 2

rare
11-50
rare

rare
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11
30
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Frequent A l t e r a t i o n s in Tumor S u p p r e s s o r Genes
in Human Lung Cancer

T u m o r S u p p r e s s o r Gene
RB
p53

NF2
p!6

FHIT

% of Tumors wi t]
S m a l l C e l l Carcinoma

80
80

none
20
10

i H i s t o l o g i c S u b t y p e
N o n - S m a l l C e l l Carcinoma

20
60
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70
50



Indirec t Mechanisms of Asbes to s Carcinogenesis

C o - f a c t o r with c igaret t e smoke or viruses

Chronic or pers i s t ent in f lammat ion with release of cytokines
and growth f a c t o r s

Secondary genotoxic i ty (oxidant s tr e s s)

A l t e r e d gene me thy la t i on



Gene Sil enc ing by Promoter Methylat ion
death-associated protein kinase (DAP-kinase)
pi5 and p!6 tumor suppre s sor genes
T I M P 3

fragile histidine triad (FHIT)
retinoic acid receptor-/3
H-cadherin (CDH 13)



P A T H O G E N E S I S O F L U N G C A N C E R
tobacco smoke asbestos

normal • DNA squamous carcinoma invasive
cell — — — — ^ damage — — — ¥ • m e t a p l a s i a — — ^ d y s p l a s i a — — > • in-situ — — — ^ carcinoma

d e ! 3 p d e l S p p53 Rb
del 9p ras p!6

Ref. Wis tuba et al., Cancer Res. 59: 1973-1979,1999



M A L I G N A N T M E S O T H E L I O M A

- rare : 2-20 cases / 106 / year
- more common with exposure to a m p h i b o l e s

chry so t i l e f a c t o r i e s and mines may be
contaminated with a m p h i b o l e s

- latency of 15-60 years
P- no association with cigarette smoking or a s b e s t o s i s I
V,— f—J

- h i g h inc idence in s h i p b u i l d i n g and i n s u l a t i o n indu s t r i e s
- d i f f i cu l t p a t h o l o g i c diagnosi s
- poor response to th e rapy



A l t e r a t i o n s in Oncogenes in Malignant Meso the l i oma

Oncogene H u m a n Rat Mouse
K-ras

c-fos, c-jun
mdm 2
c-myc

none

not a m p l i f i e d
overexpres sed

none
? o v e r e x p r e s s e d



A l t e r a t i o n s in Tumor S u p p r e s s o r Genes in Malignant Meso the l i oma

T u m o r S u p p r e s s o r Gene
Rb
p53

NF2

p | 5 / N K 4 i >

plfiINK4a

H u m a n
none
o v e r e x p r e s s e d ;
rare mutat ions
or d e l e t i o n s
m u l t i p l e
mutat ions;
a l l e l i c lo s s
d e l e t e d (70-100%)
d e l e t e d (70-100%)

Rat
?

no muta t i on s or
d e l e t i o n s

none

?
?

Mouse
?

loss of expres s ion;
no muta t i on s

?

d e l e t e d (80%)
d e l e t e d (80%)



P A T H O G E N E S I S O F M A L I G N A N T M E S O T H E L I O M A

ROS
f i b e r s

normal
cell

DNA
damage

7SV40I
p r e n e o p l a s t i c

lesions mesothelioma

d e l I p inactivation of
p53 and Rb

d e ! 9 p
p!6pigARF

NF2
del 22

Ref. Murthy and T e s t a , T. Ce l l . Physiol. 180: 150-157,1999



Molecular Steps in the Development and Progression of Cancer

environmental f a c t o r s
smokingfibersradiationparticulates

normal—cel l 4 — ce l li n j u r y 4 - - - - damage
repairrgene t i c f a c t o r s :

• a c t i v a t i o n ori n a c t i v a t i o n o fc h e m i c a l
c a r c i n o g e n s

• m u t a t i o n s in g ene sr e l a t e d t o D N Ar e p a i ror c e l l growth

chromosomaldamage _or genemutat ions
t r a n s f o r m e d _ce l l
• a c t i v a t i o n ofo n c o g e n e s
• i n a c t i v a t i o n of

tumor s u p p r e s s o r
gene s

• a l t e r e d c e l l cy c l er e g u l a t o r y g e n e s

carcinoma _in-situ
• p e r s i s t e n t c e l lp r o l i f e r a t i o n
• r e s i s t a n c e toa p o p t o s i s
• g e n e t i c and

chromosomali n s t a b i l i t y

> invasive _carcinoma
• p r o g r e s s i v egrowth
• g e n e t i ch e t e r o g e n e i t y
• d e c r e a s e d

a d h e s i o n
• i n c r e a s e d

m o t i l i t y
• d e g r a d a t i o n o fba s ement

membrane and
m a t r i x

metas ta t i ccarcinoma
• inva s i on of

b l o o d v e s s e l s
a n d l y m p h a t i c s

• evasion ofimmune a t ta ck
• ex travasat ion
• a t t a c h m e n t tomatrix and

growth

a n g i o g e n e s i s



Genet i c S u s c e p t i b i l i t y to Lung Cancer

1. Gene polymorphisms involving metabolic
activation of carcinogens

CYP1A1 and squamous cell carcinomaCYP2E1 and adenocarcinoma
(Marchand et al. Cancer Res. 58:4858-4863,1998)

2. Gene polymorphi sms involving d e t o x i f i c a t i o n ofcarcinogens
GSTM1 null a l l e l e and ETS
(Bennett et al. TNCI 91:2009-2014,1999)

3. Polymorphisms in tumor suppres sor genes
• p53 codon 72 (Arg/Pro) and adenocarcinoma

(Fan et al. Cancer Epid. Biomarkers Prev. 9:1037-1042,2000)• germ-line p53 mutations
( N i c h o l s et al. Cancer Epid . Biomarkers Prev. 10:83-87,2001)

4. Polymorphisms in DNA repair genes
XRCC1XRCC3XPD(Butkiewicz et al. Carcinogenesis 22:593-597,2001)



Genet ic S u s c e p t i b i l i t y to Mal ignant Meso th e l i oma

1. Li-Fraumeni syndrome—germ-line p53 mutations
increased incidence of mesothelioma a f t e r
radio therapy for breast cancer
( H i s a d a e t al . TNCI 90:606-611,1998)

2. Genetic s u s c e p t i b i l i t y in C a p p a d o c i a n region of Turkey
six generation extended p ed igr e e (n = 526)
22 a f f e c t e d f a m i l i e s — 4 1 cases
autosomal dominant inheritance
erionite is a potent ia l c o f a c t o r
(Roushdy-Hammady et al. The Lancet 357:444-445,2001)



Mechanisms of F i b e r Carcinogenesis

Co-fac tor with cigarette smoke
Co-fac tor with viruses ( 7 S V 4 0 )
Cla s t ogen i c and/or aneuploidogenic
Persistent in f lammat ion: cytokines

growth f a c t o r sf r e e radical s f rom macrophages
Oxidant stress and altered gene expression
Cel l p ro l i f e ra t i on and/or a p o p t o s i s



Connective T i s s u e Remodel ing in Pulmonary F i b r o s i s

I n j u r y

H e a l t h y
Parenchyma

Denuded A l v e o l a r» Basal Lamina [ ) M i g r a t i n g
E p i t h e l i a lC e l l s

E p i t h e l i a l I n j u r y
and Airspace Exudation

F l b r o b l a s t P r o l i f e r a t i o nand Connective Tissue Synthesi s

Kuhn et al. Am. Rev. Resp. Pis. 140:1693-1703,1989



M A C R O P H A G E S A R E T H E I N I T I A L T A R G E T C E L L S
O F I N H A L E D P A R T I C L E S

phagocyto s i s
generat ion of reactive oxygen me tabo l i t e s

release of I y s o s o m a l enzymes and neutral proteases
release of growth fac tor s for mesenchymal c e l l s



E p i t h e l i a l — S t r o m a l Interac t i on s in Tumor Progression

initiationI
ep i th e l ia l

ce l l s

quiescent
stromal

ce l l s

initiated
epithelium

promotion progression

t adenoma — carcinoma

activated
± inf lammatoryce l l s

promotion

stromal remodeling:
in f lammation
angiogenesisECM s y n t h e s i s / d e g r a d a t i o nt

progression

(Coussens and Werb, L Exp. Med. 193:F23-F24, 2001)



I n f l a m m a t i o n and Fibro s i s in Tumor Progression

increased expression of CSF-1
chronic inflammation pr ed i spo s e s to
cancer—liver, stomach, urinary b l a d d e r , skin
NSAIDs decrease risk of colon cancer—inhib i t ion
of COX-2 and pro s tag landin synthesis
f i bro s i s pr ed i spo s e s to lung cancer
upregulated leukocyte adhesion molecules
promote metastasis
MMP-9-de f i c i ent mice show decreased
angiogenesis and slower tumor progress ion



/"»Determinants of Asbestos Tox i c i ty
toxicityfor all asbestos types? —

Fiber Characteristics
— 3 <<D's"

• dosimetry; which dosemetric?
• short vs. long fibers
• biopersistence; chrysotile vs. amphiboles

Environmental Factors
— mixed exposures

• fibers and non-fibers
• different fiber types

— occupational vs. environmental exposures
• cancer, non-cancer effects

H o s t Fac tor s
— susceptible populat ions

• age
• pre-existing conditions



PROBABILITY OF T U M O R
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Intracavitary I n j e c t i o n S t u d i e s

Useful for Risk Assessment?
Caveats: H i g h dose per surface area (inflammation)

Relevancy for lung tumors? (diff cell types; mechanisms)
Relevancy for mesothelioma? (fibers have to migrate from alveoli to pleura)

Intracavitary test will i d e n t i f y :
Potential to induce mesothelioma
Concept s of f i b e r tox i co logy



Pathaaenic Seauence for Effects of Asbestos Fibers in the Respiratory TraW
movement of f i b e r s Exposure tO AirbOme A s b G S t O S

•^- response to mediators . *
Depo s i t i on in Respiratory Tract— — ^- b i o l o g i c a l e f f e c t

AM = A l v e o l a r macrophagesAWM = Airway M a c r o p h a g e sI M = I n t e r s t i t i a l Macrophage sPLM = P l e u r a l M a c r o p h a g e s

Gl-tract

Tr.-Br. Region
M u c o c i l i a r y clearance

e f f e c t i v e /inflammationmediators (AWM)
impaired

e f f e c t i v e
(short f i b e r s )

impaired( l o n g f i b e r s )

A l v . Region
AM mediat ed clearance

It
'fiber displacementby surfactant?

Cyto t ox i c i ty
durability

AM activation;Release of mediatorsOxidant s C y t o k i n e s C h e m o t a c t i cProtease s
L u n g T u m o r ^__

Interaction withepithet, cells
durability

C e l l t r a n s f o r m a t i o nIIII

( r a t s )
l y m p h clearance,t i s sue m i g r a t i o n ~*—
Interaction withpleural cells

E p i t h e ial damage

Interstitial accessof fibers
durability

t
IIIIt
inflammation (PLM)
durability

IM uptake andact ivat ion

Bronchogenic Carcinoma Pieural M e s o t h e l i o m a

F a c t o r s

T /I n f l a m m a t o r yc e l l recruitment

VStimulation"of Fibroblasts

TL u n g F i b r o s i s



Pathogenicity and Fiber Length:
The Role of AM Size

J H l f i o t h e s i s : Phagocytizable f i b e r s

Average AM Diameters:
Rat: 10.5 -13 |Lim
Human; 14 - 21

-> clearance
prevention of target cell interaction

Crapo et al., 1983; Lum et aL, 1983; Stone et aL, 1992;
Sebring and Lehnert, 1992; Krombachet aL, 1997

For cancer
For non-cancer

number of f i b er s longer 20 Jim
all f i b e r s (but: also impact for tumors!)



P r e d i c t e d d e p o s i t i o n of f i b e r s in human ex trathorac i c airways
( a f t e r Y u , 1990)

100-1

M o u t h - b r e a t h i n g



100

1 80
<y.c+*o
i 60

CM 40

20

o0.1

Peritoneal meso the l ioma A f t e r I.P. I n j e c t i o n
of Long and S h o r t C h r y s o t i l e

( mean and 95 % CI) (Davis and Jones, 1988)

short f i b e r s

1.0 2.5 10
i.p. Dose, mg

25 100



Physiological ClearanceProcesses FiberBiopersistence
Translocation

Larynx
Interstitium
Pleura

• Dose, dimension, cytotoxicity

Retention T 1/2
Species Differences

Physicochemical— Processes
Biodurability: dissolution;
leaching, breaking, splitting

(intra-, extra-cellular)

No Species
Differences(?)

Biopersistence = Biodurability + Physiological Clearance
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Chronic Inhalation of Asbestos (long f i b er studies) in Rats;
E f f e c t s and Biopersistence

Asbestos
Type* Fibrosi s

Lung
Tumors Mesothelioma T l / 2 , days

Amosite

Crocidol i te

Tremoli t e

A n t h o p h y l l i t e

Chrysotile

>1000

-1000

like other
amphibole s(?)

1000 (?)

-2 -140

*Note: Att asbestos types induced mesothelioma in rats following intracavitary injection
(pleural, peritoneal) of very high doses (1 xlO7 - 1 x 1CP fibers, equivalent to a lung
dose greater than the weight of the lung)



__ ___ g __Biopersistence and Effects of Chrysotile in Rats
S t u d y Fiber

Characteristics Biopersistence
Inter s t i t i a l

Fibro s i s
Lung

Tumors
Pleural

Mesothelioma
Wagner et al., 74 Rhodesian S t e a d y - s t a t e

10 mg/m 3 ,24 mos Canadian lu n§ burden,no build-up
N T P , 78/79 U I C C - B
(McConnell et al, 82 rnnn/Tf^ r> u ^ Not done

Pinkertonetal, 82/84 ^^ (^^Quebec) (Si.contentIlgren & Chatfield, 97/98) Short(Coalinga, CA) variable +
~8-ll mg/m 3 ,12 mos inconclusive)
Platek et al., 85 Chrysot i le , short 40% clearance

1 mg/m 3 ,18 mos (JM) <5 ^m

(6 mo post-expos.)no clearance
>5 (0,m

__(_6 mo post-expos.)
Muhleetal., 87 Coalinga (short) 90% clearance

6 mg/m 3 ,12 mos within 10 mos
Davis & Jones, 88 "Short" 90% clearance10 mg/m 3 ,12 mos Canadian (6 mos post-expos)Long 50% clearance + + +

_(6 mos post-expos)
McConnell et al., 91 J e f f r e y (Quebec) not done + + _

10 mg/m 3 ,12 mos
Bernstein et al., Brazilian T l / 2 = 1 . 3 d |x99;00 (CanaBrava) >20 urn is D u KT * v * T> -uim i j\A£S ei 3 4^ N m n V A j JO Results Not Yet Published(465 f / c m 3 >20 um) T l / 2 = 2 . 4 d . i

>5-20um <



Bernstein et al, 2000
- ; C K ^

:



E N V I R O N M E N T A L F A C T O R S
M I X E D D U S T E X P O S U R E S : P O T E N T I A T I O N O F F I B E R E F F E C T ?

Macrophage funct ion may be a f f e c t e d in addi t ive / synergi s t i c fashion:

— clearance function (Ferin and Leach, 1976)
— greater accumulation of f ibers (e.g., smoke + crocid., Muhle et al, 1989;

smoke + amosite, Churg et al., 1992)

— phagolysosomal di s solut ion a f f e c t e d ?

— increased long-term e f f e c t s
• amosite or chrysotile ± SiO 2 or T i O 2 (Davis et al, 1991)
• brucite (9 m g / m 3 ) + chrysotile (1 mg/m 3 , contaminant) (Davis et al, 1985)



Mixed Dust Exposures in Rats (Davis et al, 1991)
Chrysot i l e or amosite (10 mg/m 3 ) p lu s T i O 2 (10 mg/m 3 ) or quartz (2 mg/m 3 ),1-year rat inhalation study plus 2-year observation period

Chrysot i l e + TiO 2

Amosite + TiO 2

Chrysot i l e + quartz

Amosite + quartz

F i b e r
retention

t
o
1
o

Pulm.
f ibro s i s

O
o
tt

Transpor t
across vise.

pleura
9•

t
9•

t

Lung
tumors

t
t
t
t

Mesothel ioma

t-
t
^a,b

t b

Survival
rate

t
t
+
1

O no change; \increased; if decreased; (compared to asbestos alone)
(predicted lung burden ofTiO2 in "overload" range, -10 mg/lung)a = no mesothelioma with chrysotile aloneb = greater effect of added quartz than of added TiO2



Host Factors for Increased S u s c e p t i b i l i t y to Asbestos
Compromised respiratory system:

• Synergism smoking and occupational exposures —— > f i bro s i s , lung tumors
Diet:

• Lower incidence of asbestos induced lung tumors —— > dietary restriction study, mice
(Koizumi et d., 1993)

Genetic def ic iency: ,j # f c M ; t f t ( £ - J - m^fiv-tfG S T - m u and NAT def i c i ency —— > associated with increased su s c ep t i b i l i ty
(Smith, 1994; Hirvonen et al, 1996; Saarikoski et al, 1997)

Experience from PM Stud i e s
(non-carcinogenic effects)

Association between ambient PM levels and increased morbidity/mortality
from respiratory/cardiovascular disease in compromised people.

But: No data for ambient asbestos exposures



C O N C L U S I O N S
Concepts of Asbestos Toxic i ty

Dimension and Biopersistence ——> most important determinants of toxicity
— clearance of short vs. long f ibers (AM-mediated vs. epith. cells, translocation)
— long (>20 /am) and thin (-0.5 jum) ——> more carcinogenic than short f iber s

but: short fibers contribute to risk (do not disregard fibers < 5jLim,
especially if clearance is retarded)

— amphiboles — — * > high biopersistence
— chrysotile ——> lower biopersistence, d i f f e r e n c e between local i t i e s?
Dose and Dosemetric:
— respirabili ty (aerodynamic behavior)
— f iber number ——> cancer dosemetric
— f iber surface area ———>• non-cancer endpoints?



C O N C L U S I O N S
Concept s of Asbe s to s T o x i c i t y —

Rat inhalation studies: amphiboles ——> f ibros i s , lung tumors, mesothelioma
chrysotile — — — ^ range of responses: loca l i ty , contaminants?

Mixed dust exposures (asbestos + particles) ——* increased f ibrogenic , tumorigenic e f f e c t s

Host fac tor s (pre-existing conditions) ———> increased su scept ib i l i ty



A S S E S S I N G A S B E S T O S - R E L A T E D R I S K : E V A L U A T I N G E N V I R O N M E N T A L
( E X P O S U R E S W H E N B U D G E T S A N D R E S O U R C E S A R E L I M I T E DDW Berman*, Aeolus, Inc., Albany,-

To s u p p o r t risk management d e c i s i on s concerning an i d e n t i f i a b l e source of asbestos,the risk that is u n i q u e l y a t t r i b u t a b l e to that source needs to be evaluated. T h i s requiresboth that c o n t r i b u t i o n s to airborne exposure f r o m the source be d i s t i n g u i s h e d f r o m thec o n t r i b u t i o n s of other sources (i.e. b a c k g r o u n d ) and that l o n g - t e r m expo sure bea d e q u a t e l y characterized.
Measurement of airborne asbestos concentrat ions wi th adequate s e n s i t i v i t y to detec tasbestos over the ful l range of interest for risk assessment i s expensive. Moreover ,due to the inherent v a r i a b i l i t y o f env ironmenta l c o n d i t i o n s ( i n c l u d i n g m e t e o r o l o g y andsource characterist ics), the number of measurements t y p i c a l l y required to d i s t i n g u i s hsource c o n t r i b u t i o n s f r o m background and to p r o p e r l y characterize l o n g - t e r m expo surecan be p r o h i b i t i v e l y l a r g e in many cases.
This po s t e r pr e s en t s an a l t e r n a t e a p p r o a c h for a s s e s s ing expo sure and ri sk thatinvolves use of a method for measuring asbestos in s o i l s and b u l k materials andc o u p l i n g such measurements with p u b l i s h e d dust emiss ion and d i s p e r s i o n m o d e l s thatare s e l e c t ed to match c o n d i t i o n s at a site. The " M o d i f i e d E l u t r i a t o r M e t h o d for theDetermination of Asbes tos in S o i l s and Bulk Material s" is unique among asbestosmethod s because it p r o v i d e s the kind of r e s u l t s that can be combined with p u b l i s h e ddus t emi s s i on and d i s p e r s i o n m o d e l s to p r e d i c t downwind asbestos expo sure s wi threasonable accuracy and prec i s ion. R e s u l t s o f s t u d i e s d e m o n s t r a t i n g the ut i l i ty of thea p p r o a c h and of its a p p l i c a t i o n to s u p p o r t two recent risk asses sments are pr e s en t ed .



A S S E S S I N G A S B E S T O S - R E L A T E D R I S K : N E W T H I N K I N G / N E W P R O T O C O LDW Berman*, Aeolus, Inc., Albany, CA,KS C r u m p , The KS Crump Group, Inc., Ruston, LA
To assess risk, it is t y p i c a l l y necessary to combine an expo sure e s t imate f r o m anenvironment of interes t wi th a dose-response c o e f f i c i e n t derived f r o m an u n r e l a t e denvironment u s ing a model (and do s e-re sponse c o e f f i c i e n t ) that i s a p p r o p r i a t e for thedi sease end p o i n t of interes t . U n f o r t u n a t e l y , the do s e-re sponse c o e f f i c i e n t s that havebeen p u b l i s h e d for asbestos vary by more than a f a c t o r of 500 for l u n g cancer and morethan a f a c t o r of 1000 for m e s o t h e l i o m a , the two disease end p o i n t s of p r i n c i p a l concernfor environmental asbestos exposures. Given th i s apparen t variation, the v a l i d i t y ofa p p l y i n g these c o e f f i c i e n t s to p r e d i c t risk must be given due cons idera t ion.
The observed d i s p a r i t y in p u b l i s h e d dose-response c o e f f i c i e n t s f o r asbestos ha s beenvar iou s ly a t t r i b u t e d t o d i f f e r i n g m i n e r a l o g y (which a f f e c t s s u r f a c e ch emi s t ry a n db i o p e r s i s t e n c e ) , d i f f er ing f i b e r size and s h a p e , and (in a f ew cases) spec ia l exposurec ircumstances that are unique to a p a r t i c u l a r environment. The t r a d i t i o n a l a p p r o a c h formeasuring asbestos is not sensitive to these d i s t i n c t i o n s so that the ir e f f e c t s p o t e n t i a l l yc on t r i bu t e to the observed variat ion in do s e-re sponse c o e f f i c i e n t s . Moreover, the dose-response c o e f f i c i e n t s t r a d i t i o n a l l y recommended f or asbestos ar e s i n g l e values (oneeach for l u n g cancer and m e s o t h e l i o m a ) se l ec t ed w i t h i n the ranges r epor t ed among thep u b l i s h e d s t u d i e s wi thout regard to the e f f e c t s o f m i n e r a l o g y , f i b e r size and s h a p e , orthe need to c o n s i d e r cro s s- s tudy p r e d i c t a b i l i t y .
T h i s poster presents an al t ernate approach for assessing asbestos-related risk thatin c orpora t e s improved m e t h o d s f o r charac t e r i z ing asbestos exposure concentrat ionscombined with i d e n t i f i c a t i o n of an a d j u s t e d set of dose-re sponse c o e f f i c i e n t s that be t t err e f l e c t the e f f e c t s o f m i n e r a l o g y and f i b e r size and shape. An e v a l u a t i o n o f cro s s- s tudyp r e d i c t a b i l i t y i s also pre s en t ed a l o n g wi th c o n s i d e r a t i o n of the p o t e n t i a l m a g n i t u d e o fthe error in the risk e s t imate s that are derived u s i n g t h i s new a p p r o a c h .



T H E B l O P E R S I T E N C E A N D B l O A C C U M U L A T I O N O F A M P H I B O L E A S B E S T O S A N DV I T R E O U S F I B E R S .R. C. Brown1 and J. T u r i m 2 , 'Toxicology Services, Uppingham, UK2SciencesInternational. Inc., Alexandria, VA
I n t e r e s t in the a b i l i t y of t ox i c ma t e r ia l s to pers i s t in the body is w i d e s p r e a d with a g r o u p ofp e r s i s t e n t b i o a c c u m u l a t i v e toxic ( P B T ) mater ia l s receiving sp e c ia l a t t en t i on . T h i s g r o u pi n c l u d e s a m p h i b o l e asbestos, which can accumulate in the l u n g to a greater level than otherf i b r e s and p e r s i s t s l o n g e r a f t e r exposure ceases. T h i s has been known since W a g n e r 1

demons tra t ed that c r o c i d o l i t e f o l l o w e d th i s p a t t e r n and f u r t h e r evidence i s p r o v i d e d by thef a c t that a m p h i b o l e s are the most common f i b r e t y p e in the l u n g s of persons exposed tomixture s c o n t a i n i n g p r e d o m i n a n t l y chry so t i l e .
The use of b i op e r s i s t en c e as a r egu la t o ry tool in the European U n i o n c l a s s i f i c a t i o n of man-made vitreous f i b r e s 2 is an ou tgrowth of research into t h i s p h e n o m e n o n carried our over thelas t ten years. Bioper s i s t enc e is c l e a r l y related to chemical c o m p o s i t i o n but the p r e f e r e n t i a lp h a g o c y t o s i s o f short f i b r e s exposes l o n g and short f i b r e s t o d i f f e r e n t environments. H e n c ethey may d i s s o l v e t h r o u g h d i f f e r e n t mechanisms. T h e r e i s s t rong evidence that f i b r e s
greater than 20 jim long are most r e spons ib l e for pa thogene s i s and thi s provide s part of thej u s t i f i c a t i o n for the concentrat ion on l o n g f i b r e s in the EU c l a s s i f i c a t i o n . However shorterf i b r e s must have some p a t h o g e n i c ac t iv i ty and t h e r e f o r e i t i s dif f icult to just i fy u s ing any onemeasure to summarise f i b r e clearance. However we sugge s t that l o n g f i b r e c learance is ac on s i s t en t , relevant and r e p r o d u c i b l e measure re lated to risk.
For r e l a t i v e l y i n s o l u b l e f i b r e s such as e-glas s and a m p h i b o l e asbestos the clearance of l o n gand short f i b r e s was s i m i l a r but for more s o l u b l e f i b r e s , such as most man made s i l i c a t ewool s , l o n g f i b r e s cleared p r e f e r e n t i a l l y . The d i f f e r e n t roles o f s o l u b i l i t y and c e l l - m e d i a t e dclearance could be d i s t i n g u i s h e d by d i f f e r e n c e s in the a c cumula t i on and p er s i s t enc e ofa m p h i b o l e asbestos, g la s s f i b r e s , a n d g l a s s p a r t i c l e s . T h e clearance o f g l a s s f i b r e scont inued even under c o n d i t i o n s where m a c r o p h a g e mediated clearance has c o l l a p s e d dueto p u l m o n a r y over load.
S h o r t f i b r e c learance i s l a r g e l y u n a f f e c t e d by p a r t i c l e p r o p e r t i e s , the se f i b r e s arephagocy to s ed by macrophage s and, whether s o l u b l e in tha t compartment or not, th ey arecleared f r o m the l u n g un l e s s prevented by very h i g h l u n g burdens u n l i k e l y to occur in man.The pool of short f i b r e s i s al so i n f l u e n c e d by the corrosion, and transverse breakage of l o n gf i b r e s . T h e r e f o r e b e ing the result of several processes , the clearance of short f i b r e s i sc o m p l e x and, p e r h a p s , less d i r e c t l y r e la t ed t o t h e c o n d i t i o n s a f t e r human exposure. T h i sdoes not ru l e out, however, the p o s s i b i l i t y that some short f i b r e s , even if s o l u b l e undere x t r a c e l l u l a r c o n d i t i o n s , will be toxic to macrophages and a c cumula t e to dangerou sconcen tra t i on s e s p e c i a l l y as t h e i r number may be enhanced by f r a g m e n t s of l o n g e r f i b r e s .D e s p i t e the p o s s i b l e contribut ions of short f i b r e s to p a t h o g e n i c i t y , overall the clearance ofl o n g f i b r e s i s a b i o l o g i c a l l y relevant measure d i r e c t l y re la t ed t o t h e f i b r e ' s material p r o p e r t i e sand p r e d i c t i v e o f b i o l o g i c a l e f f e c t .
T h e s e c on s id era t i on s have i d e n t i f i e d c o n s i d e r a b l e g a p s in our k n o w l e d g e on theb i o p e r s i s t e n c e , b i o a c c u m u l a t i o n and tox i c p r o p e r t i e s o f c h r y s o t i l e asbestos.
1 Quoted in IARC M o n o g r a p h V o l u m e 14 - Asbe s t o s WHO I n t e r n a t i o n a l A g e n c y for Research on Cancer Lyon 19772 EU d i r e c t i v e 9 7 / 6 9 / E C 1997,.



A P I L O T P R O J E C T T O M A P A R E A S L I K E L Y T O C O N T A I N N A T U R A LO C C U R R E N C E S O F A S B E S T O S — E L D O R A D O C O U N T Y , C A L I F O R N I AR . K . C h u r c h i l l * , C . T . H i g g i n s , R.L. H i l l . California Department o f Conservation,Division of Mines and Geology, 801 K Street, MS 08-38, Sacramento, CA 95814
C h r y s o t i l e and t r e m o l i t e asbestos occur n a t u r a l l y in C a l i f o r n i a , most commonly inareas of u l t r a m a f i c rock and s e r p e n t i n i t e . M a p s i d e n t i f y i n g these areas arenecessary to e s t a b l i s h p o l i c i e s and r e g u l a t i o n s that pro t e c t the p u b l i c f r o masbestos exposure. A v a i l a b l e g e o l o g i c maps i d e n t i f y most l o c a t i o n s o f u l t r a m a f i crock and s e r p e n t i n i t e , but are g e n e r a l l y too t e chnical for h e a l t h agencie s ,environmental agencies and the p u b l i c to use. O f t e n , no s i n g l e map shows allknown u l t r a m a f i c rock and s e r p e n t i n i t e occurrences in a given area. T h e s es h o r t c o m i n g s led the Depar tmen t of C o n s e r v a t i o n , D i v i s i o n of M i n e s andG e o l o g y (DMG) to under take a p i l o t p r o j e c t t o d e v e l o p an e a s i l y under s tood maps howing areas g e o l o g i c a l l y f a v o r a b l e f or asbestos in El Dorado County. T h i scounty was chosen for m a p p i n g because of current p u b l i c concerns aboutexpo sure to asbestos in du s t generated d u r i n g c on s t ruc t i on and m i n i n g a c t iv i t i e s .
The p r o j e c t map was c o m p i l e d f r o m 26 e x i s t i n g g e o l o g i c and s o i l s maps and f i e ldchecked for accuracy. I n f o r m a t i o n about asbestos and p r o p e r map use, wr i t t enfor n o n - g e o l o g i s t s , was i n c l u d e d on the map. Satell i te imagery of the county wasevaluated f or i t s u s e f u l n e s s in l o c a t i n g u l t r a m a f i c rock and s e r p e n t i n i t e areas. Itproved u s e f u l where vegetation or cu l tural d e v e l o p m e n t did not obscure rockexposure s .
A 10-person pane l reviewed the map and a c c o m p a n y i n g report. M e m b e r s weref r o m o u t s i d e DMG and had e x p e r t i s e in s e r p e n t i n i t e and asbestos m i n e r a l o g y ,C a l i f o r n i a g e o l o g y , s o i l s a n d land-us e p l a n n i n g . B e f o r e p u b l i c re lease ,a p p r o p r i a t e government agencie s and the pre s s were b r i e f e d about the map andits p r o p e r use. D i g i t a l versions of the map and report were p l a c e d on the DMGwebs i t e and p a p e r cop i e s were d i s t r i b u t e d to El Dorado C o u n t y to a l l o wi m m e d i a t e viewing u p o n map release. The panel review, b r i e f i n g s , website andp a p e r copy a v a i l a b i l i t y , and d e s i g n o f t h e map f o r n o n - g e o l o g i s t s c on tr i bu t eds i g n i f i c a n t l y t o acceptance o f th e map wi th m i n i m a l p u b l i c a p p r e h e n s i o n .



A S B E S T O S I N N A T U R A L O U T C R O P S O F S E R P E N T I N ERobert G. C o l e m a n , Department of Geological and Environmental Sciences,Stanford University, Stanford, California 94305
T h e r e is no s c i e n t i f i c consensus r e g a r d i n g h e a l t h risks of expo sure to asbestos at lowl e v e l s f o u n d in the air around natural s e r p e n t i n e rock. In the San F r a n c i s c o Bay areathere are s i g n i f i c a n t tract s o f n a t u r a l l y occurring asbes tos-bearing s e rpen t ine . T h e s etract s are pre sent in r e s i d e n t i a l areas, recreational parks , u n d e r l a y school yards orreservoirs and occupy s i g n i f i c a n t tract s of land under control of l o c a l , s ta t e , andf e d e r a l governments . It i s unknown if there i s a real h e a l t h risk f r o m exposure toasbestos f i b e r s at the low l e v e l s f o u n d in these s e r p e n t i n e tracts. T h e r e has been nosy s t emat i c eva lua t i on of the h e a l t h risks re lated to expo sure of asbestos f i b e r s re leasedf r o m these n a t u r a l l y occurring s e r p e n t i n e tract s in the San F r a n c i s c o Bay Area. Tocharac t er ize these s e r p e n t i n e tracts sys t ematic g e o l o g i c m a p p i n g s h o u l d be done at ascale u s e f u l for r ea l i s t i c site assessment. G r i d s a m p l i n g o f the s erpent ine m a p p e dareas s h o u l d be used to e s t a b l i s h d i s t r i b u t i o n and concentrat ions of the asbestosmineral spe c i e s in rock, s o i l s and water. Laboratory analy s e s would i d e n t i f y theasbestos mineral spec i e s a l o n g wi th e s t imate s of f i b e r s that m i g h t be released bycru sh ing or pu lver iza t i on . Sta t i onary or personal air monitors can be used tog u e s s t i m a t e the amount of asbestos f i b e r in the air mass above the s e r p e n t i n e rockd u r i n g cons truc t ion (excavat ion). T h e r e is no medical or s t a t i s t i c a l consensusr e g a r d i n g a s a f e t h r e s h o l d for asbestos f i b e r s at low l e v e l s or i n t e r m i t t e n t e xpo surearound natural or d i s turbed s erpent ine . Real i s t i c risk assessments are still needed thatu t i l i z e n ew m i n e r a l o g i c a l , g e o l o g i c a l , and e p i d e m i o l o g i c a l data. T h o s e San F r a n c i s c oBay c i t i e s a n d / o r count ie s that have s i g n i f i c a n t expo sure s of s e r p e n t i n e need to surveyi t s extent and e s t a b l i s h p r u d e n t laws f or s e r p e n t i n e land d e v e l o p m e n t .



E X P O S U R E T O T R E M O L I T E F I B E R S O F N A T U R A L O R I G I N I N E L D O R A D OC O U N T Y , C A L I F O R N I AM a r k G e r m i n e , M.D, M.S., Geology Department, Rutgers University, Newark, NJ;T e r r y T r e n t B.S., University of California, Daws; J e r r o l d L. Abraham MDDepartment of Pathology, Upstate Medical University, State University of NewYork, Syracuse, NY; J o h n Puffer Ph.D., Geology Department, Rutgers University,Newark NJ
In t h i s p a p e r we de scr ibe our s t u d i e s o f the El Dorado, C a l i f o r n i a , n a t u r a l l yoccurring t r e m o l i t e asbestos. I n t h e process o f d o i n g a d a y ' s f i e l d w o r k , withminimal v i s i b l e d u s t , one of the authors (MG), a g e o l o g i s t and phys i c ian,documented his exposure to t r e m o l i t e f i b e r s . T h e s e f i b e r s were recovered inp u r u l e n t s p u t u m the next morning in the s e t t i n g of a b r i e f and m i l d d u s t - i n d u c e db r o n c h i t i s . A l a r y n g e a l wash ing of 400 cc, taken 3 months la t er , showed retainedt r e m o l i t e f i b e r s in the process o f o x i d a t i o n and sp l i t t ing, wi th a f i b e r c onc en tra t i ontoo h i g h t o measure wi thou t d i l u t i n g t h e s a m p l e . The t r e m o l i t e in s a m p l e s f r o mseveral f i e l d sites w a s analyzed b y P L M , S E M , T E M , a n d S E M e l e c t ronmicroprobe of p o l i s h e d sections. S p u t u m and wa sh ing s were analyzed by PLMand by SEM and TEM, r e s p e c t i v e l y . C r y s t a l l o g r a p h i c data i n d i c a t e ano x i d a t i o n / c l e a v a g e mechanism o f f i n e f i b e r f o r m a t i o n , r e s u l t i n g f r o m progre s s iv es p l i t t i n g a l o n g cleavage traces i n massive t o coarsely f i b r o u s t r e m o l i t e . H i g hr e s o l u t i o n T E M showed c o n t i n u o u s d o u b l e chains between c o n j o i n e d f i b e r s p r i o rt o s p l i t t i n g . In weathered s a m p l e s , retained f i b e r , and f i b e r p r o d u c e d byh y d r o g e n p e r o x i d e o x i d a t i o n o f cru shed, o p t i c a l l y c on t inuou s , f r e s h s a m p l e s ,l o n g i t u d i n a l f i b e r s u r f a c e s were eroded i r r e g u l a r l y by o x i d a t i o n , c u t t i n g acrossc leavage p l a n e s and p r o d u c i n g an amorphou s o x i d a t i o n p r o d u c t that sometimesc l u n g t o f i b e r sur face s . Oxid iz ed f i b e r s a r e h i g h l y e l e c t r o s t a t i c , l i n k i n g i n chainsin undercoated environmental s u r f a c e s , and in " snowflakes" that p e r i o d i c a l l y fa l land cover r e s i d e n t i a l d w e l l i n g s a f t e r a l ight summer rain on hot, dry, t r e m o l i t e -l a d e n s o i l . F i b e r i z a t i o n , emergence o f f l e x i b l i l i t y , a n d s pon taneou s i n t e r - f i b e rr o t a t i o n were observed with progre s s iv e f i b e r s p l i t t i n g . The o x i d i z e d t r e m o l i t e i si t s e l f h i g h l y o x i d i z i n g , s u g g e s t i n g mechanisms f o r i n d u c t i o n o f p u r u l e n t re sponseand o x i d a t i v e carc inogenes i s . TEM and HRTEM data ar e pre s en t ed c o m p a r i n gt r e m o l i t e s a m p l e s f r o m t h i s l o c a l i t y wi th t r e m o l i t e known to be carc inogenic inhuman e p i d e m i o l o g i c a l and e x p e r i m e n t a l animal s t u d i e s . T o g e t h e r , a l l thesedata i n d i c a t e a p o t e n t i a l risk of s u b s t a n t i a l e xpo sure and consequent h e a l t h risksf r o m t h i s n a t u r a l l y occurring asbestos for the p o p u l a t i o n o f the area. Of s p e c i a lconcern are even low leve l exposure s to i n f a n t s and c h i l d r e n as a re sul t ofd e v e l o p m e n t and subsequent d i s t u r b a n c e of the exposed t r e m o l i t e .



W I N C H I T E A N D C O C I D O L I T E A B E S T O S I N A H I S T O R I C A L S A M P L E O F T H EL I B B Y , M O N T A N A V E R M I C U L I T E P R O D U C TM a r k G e r m i n e , M.D, M.S., and J o h n Puf f e r P h . D . , Geology Department, RutgersUniversity, Newark, NJ
A h i s t or i ca l s a m p l e of the crushed and e x p a n d e d v e r m i c u l i t e p r o d u c t f r o m thef o r m e r W.R. Grace and C o m p a n y mine in L i b b y , M o n t a n a was ob tained andana lyz ed . The p r o d u c t was mined f r o m a weathered b i o t i t e p y r o x e n i t e c o n s i s t i n gm o s t l y of c l i n o p y r o x e n e , v e r m i c u l i t e , and b io t i t e . E x a m i n a t i o n wi th a 10X handl en s revealed no a s b e s t i f o r m a m p h i b o l e s . U n d e r p o l a r i z e d l ight microscopy atm a g n i f i c a t i o n s of 100X to 1 5 0 0 X , du s t f r o m the s a m p l e was f o u n d to containabout 18% f i b r o u s a m p h i b o l e . The a m p h i b o l e had a d i s t i n c t b l u e or b lue-greento y e l l o w or ye l low-brown p l e o c h r o i s m , wi th some d e e p e r b l u e l a m e l l a econs i s t en t wi th magne s i or i e b e ck i t e . All o p t i c a l da ta were cons i s t ent wi thi d e n t i f i c a t i o n as of the a m p h i b o l e s as w inch i t e wi th trace c r o c i d o l i t e . Fiber andf i b e r a g g r e g a t e s were in various s tages of progre s s ive near-surface wea ther inga l t e r a t i o n . F r e s h f i b e r s were coarse and b l o c k y , wi th s h a r p , i n c l i n e d e x t i n c t i o n .A l t e r a t i o n caused o x i d a t i o n a n d s p l i t t i n g a l o n g c leavage p l a n e s , p r o d u c i n gs h r e d d e d and o x i d i z e d aggr ega t e s o f s h a r d - l i k e f i b e r s and t h i n f i b e r s o f h i g haspect ra t i o , a l o n g with an amorphous o x i d a t i o n p r o d u c t . Q u a n t i t a t i v e TEManalyse s o f f i b e r s o f the s u s p e n d e d dust were p e r f o r m e d u s ing e l e c t rond i f f r a c t i o n and X-ray s p e c t r o s c o p y on r a n d o m l y s e l e c t ed a m p h i b o l e f i b e r s .S p e c t r o s c o p i c chemical analys e s used e s t a b l i s h e d mineral s t a n d a r d s and werefu l ly corrected f or var iab l e s that cou ld cause errors in th e analyses. F o u r shard-l i k e f i b e r s , wi th a mean aspect ratio of 7:1, were f o u n d to be winch i t e . Two l o n g( g r e a t e r than 15 m i c r o n s ) , h i g h a spe c t-ra t io f i b e r s were of i n d i s t i n g u i s h a b l ew i n c h i t e c o m p o s i t i o n , w h i l e one was of m a g n e s i o r i e b e c k i t e or c r o c i d o l i t ec o m p o s i t i o n . S e m i - q u a n t i t a t i v e data on numerous o ther f i b e r s showed all to becons i s t ent wi th q u a n t i t a t i v e data. P r e v i o u s l y , two gross asbestos s a m p l e s f r o mL i b b y have been repor t ed (1) to be w i n c h i t e , but we know of no previous r epor t sof w inch i t e or c r o c i d o l i t e in the p r o d u c t . Others have repor t ed gross s a m p l e s andmicro s c op i c f i b e r s t o be o f t r e m o l i t e , a c t i n o l i t e , a n d / o r r i c h t e r i t e c o m p o s i t i o n .N o n e o f these other m i n e r a l s were f o u n d by TEM. W i n c h i t e i s c u r r e n t l yu n r e g u l a t e d under O S H A a n d E P A . A m p h i b o l e f i b e r s f o r m e d b y s p l i t t i n g ratherthan crystal f a c e s are a l so u n r e g u l a t e d under OSHA and under d i s p u t e in currentEPA practice. The i m p o r t a n c e o f f i b e r s u r f a c e o x i d a t i o n i s no t c o n s i d e r e d ,d e s p i t e th e c l ear role o f o x i d a t i o n p r o d u c t s in carcinogenesi s . F u r t h e r q u a n t i t a t i v em i n e r a l o g i c a l analyse s ar e u r g e n t l y n e e d e d , i n c l u d i n g analyses o f f i b e r srecovered f r o m t i s su e s o f exposed i n d i v i d u a l s .
1 . W y l i e , A., and V e r t r o u t e r e n , J. (2000) Amer i can M i n e r a l o g i s t 85 , 1540-1542.



E V A L U A T I O N A N D R E M E D I A T I O N O F R E S I D E N T I A L A S B E S T O S C O N T A M I N A T I O NF R O M A V E R M I C U L I T E E X F O L I A T I O N F A C I L I T Y I N M I N N E A P O L I S , M N .M . D . J o h n s o n , S . V e g a , L Z i n t a k , S . H i l l , L Resales , C . A l i e n , J . Ostermeier,T. K r u e g e r . U.S. Environmental Protection Agency- Region 5, Chicago, IL 60604
T h e W e s t e r n M i n e r a l s s i t e i n N E M i n n e a p o l i s w a s a v e r m i c u l i t e e x f o l i a t i o n f a c i l i t y thatoperated f r o m a p p r o x i m a t e l y 1937 u n t i l 1989, d u r i n g which it has been e s t imated tohave processed as much as 118,465 tons of v e r m i c u l i t e ore f r o m the L i b b y , MT mine.D u r i n g the peak p e r i o d s of op era t i on (1950s-1970s), the p l a n t opera t ed 24 hrs per day.The u n e x f o l i a t e d material f r o m the v e r m i c u l i t e e x f o l i a t i o n p r o c e s s i n g , r e f e r r ed t o a sstoner rock, was d i s p o s e d of in large p i l e s ou t s ide the l o a d i n g dock. The material wasmade a v a i l a b l e to the general p u b l i c as "free crushed rock", and members of the localc o m m u n i t y brought th e material t o t h e i r residences f or u s e a s f i l l material f or drivewaysand yards. V i s i b l e t r e m o l i t e asbestos b u n d l e s are scattered t h r o u g h o u t the area wherethe f o r m e r p i l e s o f s toner rock were l o c a t e d . EPA s a m p l i n g o f the f o r m e r p i l e areashowed concentra t ions up to 20% asbestos. A s b e s t o s was f r e q u e n t l y de t e c t ed ins u r fa c e soil t h r o u g h o u t the p r o p e r t y , rang ing up to 8%. E l e c t r o n mi cro s c op i c a n a l y s i srevealed the f i b e r s were a m p h i b o l e asbestos, wi th numerous f i b e r s greater than 10microns and aspect ratios > 10. Residence s where stoner rock was known to havebeen taken showed l a r g e , v i s i b l e b u n d l e s of asbestos, c o n f i r m e d by lab a n a l y s i s ast r e m o l i t e asbestos. S i n c e S e p t e m b e r , 2000, EPA has been engaged in the r e m e d i a t i o nof 22 r e s i d e n t i a l p r o p e r t i e s contaminated wi th asbestos f r o m the stoner rock m a t e r i a l .At least 25 a d d i t i o n a l p r o p e r t i e s are s c h e d u l e d for r e m e d i a t i o n t h i s s p r i n g and morep r o p e r t i e s are e xp e c t ed to b e i d e n t i f i e d f r o m f u t u r e i n s p e c t i o n . EPA and the MN D e p t .o f Heal th (MDH) have received many r epor t s o f a sb e s t o s -re la t ed di sease in r e s i d en t swho have l iv ed in the p r e d o m i n a n t l y r e s i d e n t i a l area s u r r o u n d i n g the fac i l i ty. AnATSDR-funded survey i s be ing conduc t ed by MDH to d e t e r m i n e the m a g n i t u d e o f theimpac t on both r e s i d e n t i a l and o c c u p a t i o n a l e xpo sure to asbestos f r o m t h i s f a c i l i t y .



C O M P A R I S O N O F E N V I R O N M E N T A L A N D O C C U P A T I O N A L E X P O S U R E T OC R O C I D O L I T E A N D T H E I N C I D E N C E O F M E S O T H E L I O M A .* N H d e K l e r k 1 ' 2 , J H a n s e n 1 ' 2 , N Olsen 3, A W M u s k 1 ' 3 , G A m b r o s i n i 1 , L F r i t s c h i 1 , E Merl er 4 .1Dept of Public Health and2Centre for Child Health Research, University of WesternAustralia, and3Sir Charles Gairdner Hospital, Nedlands, Western Australia, 6009;4Epidemiology Unit, CSPO, Florence, Italy.
I n t r o d u c t i o n — C r o c i d o l i t e ( b l u e a sbe s to s) was mined and m i l l e d at W i t t e n o o m by theA u s t r a l i a n B l u e A s b e s t o s C o m p a n y f r o m 1943 to 1966. Because of the remoteness ofthe o p e r a t i o n s , many workers were accompanied by t h e i r f a m i l i e s who were exposed toc r o c i d o l i t e in and out of t h e i r homes. The cohorts of nearly 7000 workers and 5000re s id en t s have now been f o l l o w e d up to December 1999.
M e t h o d s — W o r k and environmenta l h i s t or i e s , f o l l o w - u p and c r o c i d o l i t e e xpo sure werees t imated as p r e v i o u s l y d e s c r i b ed . A d d i t i o n a l f o l l o w - u p was done t h r o u g h theA u s t r a l i a n N a t i o n a l Death I n d e x and Cancer C l e a r i n g H o u s e , a s w e l l a s t h r o u g h Ita l iansocial s e curi ty records. E x p o s u r e e f f e c t s were e s t imated u s i n g Cox regre s s ion form e s o t h e l i o m a , l u n g cancer and al l cause m o r t a l i t y .
R e s u l t s — T h e r e were 192 cases of m e s o t h e l i o m a in the workers g r o u p and 47 amongthe r e s id en t s who all had v a l i d data. M e s o t h e l i o m a m o r t a l i t y increased 64% (95% Cl 48-81%) per log day of exposure and 43% (95% Cl 25-65%) per log f i b r e / m l of expo sureand was 40% lower in women than in men. T h e r e were no s i g n i f i c a n t d i f f e r e n c e s inexpo sure-re sponse r e l a t i o n s h i p s between th e 2 cohor t s , a l t h o u g h a f t e r a l l owance f o rt ime a f t e r f i r s t e xpo sur e , the r e la t iv e r i sk increased wi th age at f ir s t expo sure .
C o n c l u s i o n — F u r t h e r f o l l o w - u p on these two cohorts exposed e x c l u s i v e l y to c r o c i d o l i t ehas shown a cont inued increase in m e s o t h e l i o m a occurrence with no d i f f e r e n c ebetween the two t y p e s o f e xpo sure a f t e r control for d u r a t i o n and i n t e n s i t y .



C O N C O R D A N C E O F R A T A N D H U M A N D A T A - B A S E D R I S K E S T I M A T E S F O R L U N GC A N C E R F R O M C H R Y S O T I L E A S B E S T O SE i l e e n D. K u e m p e l , P h . D . ; David A." Dankovic, Ph.D.; R a n d a l l J. S m i t h , M.A.; and L e s l i eT. S t a y n e r , Ph.D. National Institute for Occupational Safety and Health, RiskEvaluation Branch, Cincinnati, Ohio.
I n t r o d u c t i o n : Risk assessment o f t e n r e l i e s on animal bioassay data to p r e d i c t risks inhumans, r e q u i r i n g e x t r a p o l a t i o n f r o m a n i m a l s t o humans and u s u a l l y f r o m h i g h e r animaldoses to lower human doses. Few human expo sure-r e spon s e data are a v a i l a b l e foras s e s s ing the v a l i d i t y o f these a s sumpt i on s . In t h i s s t u d y , we u se e x i s t i n g data in bothrodents and humans to q u a n t i t a t i v e l y compare the exposure, dose, and responser e l a t i o n s h i p s in humans and animal s .
M e t h o d s : In the f i r s t phase o f t h i s s t u d y , we used a quantal m u l t i s t a g e model toc o m p u t e the tox ic doses (IDs) associated wi th a 0.01, 0.1, 1, and 10% excess risk ofl u n g cancer i n t w o s t u d i e s o f male rats ( W i s t a r - d e r i v e d s train A F / H A N ; i n h a l a t i o ne x p o s u r e , 2 and 10 m g / m 3 , 7 h r / d a y , 5 d a y / w e e k , 12 months , k i l l e d at a p p r o x . 30m o n t h s ) . The rat-based IDs were e x t r a p o l a t e d to humans u s i n g a l l o m e t r i c and l u n gs u r f a c e area s c a l i n g approache s . Human-bas ed TDs were derived f r o m three humans t u d i e s (two of C a n a d i a n m i n e r s / m i l l e r s and one of U.S. t e x t i l e workers), u s ing Poissonregres s ion m o d e l i n g and l i f e t a b l e analyses. Ratios of the rat- and human-based TDswere c omput ed to evaluate concordance of the risk e s t imate s .
R e s u l t s : The TD ratios f r o m the s t u d i e s in rats and Canadian m i n e r s / m i l l e r s varied f r o m0.3 to 3 for the s c a l i n g a p p r o a c h e s of body s u r f a c e area, m e t a b o l i c rate, and air in take;w h i l e the TD ratios for body weight and l u n g s u r f a c e area were more variab l e (1.5 to20). The TD ratios c o m p a r i n g rats t o the t e x t i l e workers were al l h i g h e r , r a n g i n g f r o ma p p r o x i m a t e l y 20 to 800. O v e r a l l , the rat-based risk e s t imate s for l u n g cancer inhumans were reasonably concordant to those f r o m the C a n a d i a n m i n e r s / m i l l e r ss t u d i e s , s u g g e s t i n g s i m i l a r s e n s i t i v i t y in rats and humans. In contras t , the riske s t imat e s were much h i g h e r f r o m the t e x t i l e workers s t u d y , s u g g e s t i n g humans aremore sensit ive. It i s unknown how the airborne f i b e r size d i s t r i b u t i o n s comparedbetween the rat s t u d i e s and e i ther human s t u d y ; however, there is some evidence thatthe t e x t i l e workers may have been exposed to l o n g e r f i b e r s than the Canadian cohorts.
Discus s ion: The next phas e o f t h i s s t u d y i n c l u d e s th e d e v e l o p m e n t o f l u n g d o s i m e t r ym o d e l s , u s i n g e x i s t i n g data in rodent s , c y n o m o l g u s monkeys, and humans, to comparethe k ine t i c s of c h r y s o t i l e clearance and r e t e n t i o n across species . E x p o s u r e , dose , andresponse r e l a t i o n s h i p s w i l l b e examined for both n e o p l a s t i c and n o n n e o p l a s t i c l u n gre sponse s , u s ing s t a t i s t i c a l and b i o l o g i c a l l y - b a s e d mode l s . F i b e r d i m e n s i o n wi l l b ei n v e s t i g a t e d as a p o t e n t i a l f a c t o r in l u n g f i b e r re tention and response. The k in e t i c andmechan i s t i c f i n d i n g s f r o m t h i s s t u d y m a y b e e s p e c i a l l y u s e f u l f o r e x t r a p o l a t i n g f r o manimal bioassay data to p r e d i c t d i s ease risk in humans exposed to airborne f i b e r s .



E N V I R O N M E N T A L E X P O S U R E T O T R E M O L I T E A N D R E S P I R A T O R Y C A N C E R I NN E W C A L E D O N I A ( S O U T H P A C I F I C )D . Luce ( 1 ) , M . A . B i l l o n - G a l l a n d ( 2 ) , I . Buge l ( 1 > , P . G o l d b e r g ' 1 ' , M . G o l d b e r g ( 1 ) , C .S a l o m o n 0 1 , P. Quene l ( 3 ) , P. Brochard( 2 ). '"INSERM Unite 88, Saint-Maurice, France<2>LEPI, Paris, France (3>lnVS, Saint-Maurice, France
A case-control s t udy on re sp ira tory cancers was conduc t ed in New C a l e d o n i a , wherea h i g h inc idence of m a l i g n a n t p l e u r a l me s o th e l i oma had been observed. The diseasepa t t e rn sugge s t ed an environmental exposure to asbestos. The f irs t r e s u l t s showedt h a t , in some areas, t r e m o l i t e asbestos derived f r o m local o u t c r o p p i n g s has beenused as a whitewash (locally named "po") for indoor and outdoor w a l l s of the houses.All cases d iagnosed between 1993 and 1995 ( i n c l u d i n g 15 p l e u r a l me s o th e l i omas ,228 l u n g cancers and 23 l a r y n g e a l cancers) and 305 p o p u l a t i o n contro l s werei n c l u d e d in the s tudy . I n f o r m a t i o n on past or present use of the whi t ewash, r e s id en t ia lhi s t ory, smoking a n d o c c u p a t i o n w a s c o l l e c t e d . I n a d d i t i o n , b i o l o g i c s a m p l e s ( l u n gt i s sue or l i q u i d f r o m bronchoa lveo lar lavage) and airborne s a m p l e s were c o l l e c t e dand analyzed by a n a l y t i c a l t ransmi s s i on electron microscopy.
The risk of m e s o t h e l i o m a was s t r o n g l y associated with the use of the whitewash(OR=40.9; 95% Cl=5.15-325). A m o n g M e l a n e s i a n women, exposure to thewhitewash was associated wi th an increased risk of l u n g cancer (OR=4.89,CI 1.13-21.2). In contrast, no association was noted between exposure to po and l u n g cancerrisk among M e l a n e s i a n men, p r o b a b l y because of lower exposure l ev e l s .The a n a l y s i s o f b i o l o g i c s a m p l e s showed that the l u n g burden of t r e m o l i t e f i b e r s wass t r o n g l y associated wi th the use of po.
The h i g h e s t airborne t r e m o l i t e concentrat ions were reached d u r i n g swe ep ing i n s i d ewhitewashed houses (420 to 3900 f/l). T r e m o l i t e f i b e r s at lower concentrat ions werealso observed in whitewashed houses d u r i n g a normal a c t i v i ty (up to 150 f/l) and inoutdoor s a m p l e s c o l l e c t e d near whitewashed houses (up to 25 f / l). Moreover, r e s u l t sof a d e s c r i p t i v e survey have shown that women spend on average about 2 hoursmore per day indoor s than men do. T h e s e r e s u l t s s u p p o r t the h y p o t h e s i s of a h i g h e rl i f e t i m e expo sure t o t r e m o l i t e f o r women.



T H E C H E M I C A L C O M P O S I T I O N A N D P H Y S I C A L P R O P E R T I E S O FA M P H I B O L E F R O M L I B B Y , M O N T A N A : A P R O G R E S S R E P O R T .G . P . M e e k e r * 1 , 1 . K . B r o w n f i e l d 1 * , R . N . C l a r k 1 , J . S . Vance 2 , T . M . H o e f e n 1 , S . J .S u t l e y 1 , C . A . G e n t 1 , G . S . P l u m l e e 1 , G . Swayze 1 , T . K . H i n k l e y 1 , R . N o r t o n 1 , a n dT. Z i e g l e r 1 ; 1U.S. Geological Survey, Denver Federal Center, Denver, CO 80225,2 U.S. Environmental Protection Agency, Regions, Denver, CO 80204
Research into the current h e a l t h cri s i s in L i b b y , Montana i s p r o v i d i n g i n f o r m a t i o ni n d i c a t i n g that the t en to t h i r t y year-old d e f i n i t i o n s , a n a l y t i c a l pro c edure s , andr e g u l a t i o n s p e r t a i n i n g to h e a l t h risks f r o m a s b e s t i f o r m minera l s may not beadequate. The USGS is current ly characterizing a representative suite of t h i r t ya m p h i b o l e s a m p l e s obtained f r o m th e site o f f o r m e r v e r m i c u l i t e m i n i n go p e r a t i o n s near L i b b y . We have i d e n t i f i e d a cont inuous range of a m p h i b o l ec o m p o s i t i o n s , which by current n o m e n c l a t u r e , cause the m i n e r a l s to be c l a s s i f i e das w i n c h i t e , r i c h t e r i t e , t r e m o l i t e , a c t i n o l i t e , f e r r o - e d e n i t e and magnesio-a r f v e d s o n i t e . Because these pha s e s (exc ep t t r e m o l i t e and a c t i n o l i t e ) are notamong the s ix t y p e s o f asbestos cited in current r e g u l a t i o n s , t h e i r p o t e n t i a l l i n k sto the extensive h e a l t h p r o b l e m s at L i b b y sugge s t that the m i n e r a l o g i c a ld e f i n i t i o n s c u r r e n t l y used to r e g u l a t e asbestos may be in need of f u r t h e rr e f i n e m e n t . We are also e x a m i n i n g the m i n e r a l o g i c a l and geochemicals i g n i f i c a n c e of the m o r p h o l o g i c a l term "asbestos f i b e r " w i th respect to p o t e n t i a ltoxici ty. We have i d e n t i f i e d , in most of the Libby area a m p h i b o l e s , a variety ofm o r p h o l o g i e s i n c l u d i n g a s b e s t i f o r m f i b e r s , ac i cu lar cleavage f r a g m e n t s , ac i cu larp a r t i n g s , and b l o c k y , n o n - f i b r o u s c r y s t a l s . The role o f the a c i cu lar c leavagef r a g m e n t s and p a r t i n g s in the t o x i c i t y of the L i b b y area a m p h i b o l e s i s uncertainbut c l e a r l y in need of d e t a i l e d s t udy . Of p a r t i c u l a r concern is the d i s t i n c t i o nc u r r e n t l y made between asbestos f i b e r s and a c i cu lar c leavage f r a g m e n t s , wi ththe ac i cu lar c leavage f r a g m e n t s o f t e n viewed as n o n - r e g u l a t e d . We are c u r r e n t l ye v a l u a t i n g whether t h i s d i s t i n c t i o n i s a p p l i c a b l e to the L i b b y area a m p h i b o l e andis warranted f r o m a m i n e r a l o g i c a l , g e o c h e m i c a l , and hence t o x i c o l o g i c a lp e r s p e c t i v e . I n f o r m a t i o n gained f r o m t h i s p r o j e c t w i l l b e c o u p l e d w i tht o x i c o l o g i c a l s t u d i e s to enhance the current s tate of k n o w l e d g e about a c i c u l a ra m p h i b o l e of varying ch emi s t ry , and to p r o v i d e a f o u n d a t i o n for r e examinat i on ofcurrent d e f i n i t i o n s and a n a l y t i c a l procedures .



E N V I R O N M E N T A L A S B E S T O S A N D I N C I D E N T M E S O T H E L I O M A I N C A L I F O R N I AX. Pan, H. Day. M. S c h e n k e r ; Departments of Epidemiology and Preventive Medicine,and Geology, University of California, Davis, CA 95616 USA
Objec t ive: To examine the r e l a t i o n between me s o th e l i oma inc idence and environmentalasbestos in Cal i f , d u r i n g the per iod 1988-97.
M e t h o d s : E c o l o g i c a l s t u d y at county and census tract level u s ing GIS approach e s .A n a l y s i s of 2949 i n c i d e n t m e s o t h e l i o m a cases and the d i g i t a l map of u l t r a m a f i c rocks inCalif, that are the p r i n c i p a l source of asbestos in the environment.
R e s u l t s : Exact r e s i d e n t i a l addre s s e s at d i a g n o s i s were a v a i l a b l e for 93% of cases andmatched to a unique inter sec t ion. 7% of cases were matched to a 5 - d i g i t zip v i c i n i t y .M e s o t h e l i o m a cases were geocoded on the Calif, s tate map and as s igned to censustracts. Mos t cases were located in ci t ie s near the Wes t Coast or a l o n g rivers in Calif.,most l i k e l y r e f l e c t i n g o c cupa t i ona l asbestos exposure . P o p u l a t i o n - w e i g h t e d c o r r e l a t i o na n a l y s i s (1990 p o p u l a t i o n ) showed m e s o t h e l i o m a inc id enc e s ar e s i g n i f i c a n t l y corre la t edwi th asbes tos i s m o r t a l i t y (P<0.0001) and p o p u l a t i o n - w e i g h t e d d i s tance to the nearestasbestos d e p o s i t s (P=0.0016) a t county l ev e l . GIS b u f f e r ana ly s i s showed th e ten-yeara g e - a d j u s t e d m e s o t h e l i o m a inc idence aged 35+ (12.5 per 100,000) in asbestos d e p o s i tareas was not s i g n i f i c a n t l y h i g h e r than those in t h e i r b u f f e r s . M e s o t h e l i o m a inc idence sw i t h i n 3,4,5,6,7, and 8 km b u f f e r s were 16.4, 15.5, 17.6, 17.6, 16.7, and 18.9 per100,000 re sp e c t iv e ly , s i g n i f i c a n t l y h igher than the incidence (12.7 per 100,000) in Calif.T h e r e was no evidence of a do s e-re sponse between m e s o t h e l i o m a inc id enc e and thed i s t anc e s f r o m asbestos d e p o s i t s and t h e i r b u f f e r s . Simi lar r e s u l t s were observed whencount i e s wi th a h i g h e r m e s o t h e l i o m a inc id enc e were e x c l u d e d .
C o n c l u s i o n : Occupat i onal exposure to asbestos is a d o m i n a n t d e t e r m i n a n t foroccurrence of m e s o t h e l i o m a in Cali f . . The r e l a t i o n between environmental asbestos andm e s o t h e l i o m a must be assessed based on more d e t a i l e d exposure i n f o r m a t i o n such asi n d i v i d u a l h i s t or i e s o f o c cupa t i ona l expo sure and res idence for cases.



M A P P I N G O C C U R R E N C E S O F P O T E N T I A L L Y A S B E S T O S - B E A R I N GS E R P E N T I N I T E S A N D T R E M O L I T I C R O C K S I N T H E S I E R R A N E V A D A F O O T H I L L S O FC A L I F O R N I A U S I N G I M A G I N G S P E C T R O S C O P YG r e g g A. Swayze,'* and Roger P. A s h l e y 2 ; 1U.S. Geological Survey, MS964 Box 25046DFC, Denver, CO 80225;2U.S. Geological Survey, MS901, 345 Middlefield Rd., Menlo
Park, CA 94025
I m a g i n g s p e c t r o s c o p y data c o l l e c t e d b y t h e A i r b o r n e V i s i b l e / I n f r a r e d I m a g i n gS p e c t r o m e t e r (AVIRIS) d u r i n g t h e summer o f 1997 over p o r t i o n s o f Calavaras C o u n t yin f o o t h i l l s o f t h e S i e r r a N e v a d a o f C a l i f o r n i a have been m a p p e d u s ing th e USGST e t r a c o r d e r spec tral m a p p i n g a l g o r i t h m . R e s u l t i n g mineral maps of the 2 - 2.5 micronr e f l e c t a n c e spe c tra l region reveal numerous ou t c rop s of c h r y s o t i l e - and a n t i g o r i t e -bear ing s e r p e n t i n i t e and several ou t crop s of t r e m o l i t e / t a l c - b ear ing s ch i s t s a l o n g amajor fau l t zone. S u r f a c e m i n e r a l o g y o f the s e r p e n t i n e bodi e s i s d e t e c t a b l e wi thAVIRIS in some cases because of the low d e n s i t y v ege ta t i on cover associated with theh i g h Mg s o i l s d e v e l o p e d on these rocks. In cases where the vege ta t ive cover is toot h i c k to d i r e c t l y map s ur fa c e m i n e r a l o g y , i t may be p o s s i b l e to i n d i r e c t l y maps e r p e n t i n i t e s and u l t r a m a f i c rocks based on th e i r close association with chaparralvege ta t ion. S p e c t r a l d e t e c t i on of t r e m o l i t e / t a l c - b e a r i n g u n i t s was l i m i t e d to wel lexposed rocks in quarries and a l o n g shore l ine s . T e t r a c o r d e r was ab l e to map d i f f e r e n tgrain sizes of c h r y s o t i l e in rocks exposed in an asbestos quarry. W i t h a d d i t i o n a l work itmay be p o s s i b l e to correlate c h r y s o t i l e grain size with degree of f i b r o u s crystal habi t . Asmall p o r t a b l e field spec trometer has been s u c c e s s f u l l y used to detect s erpent inem i n e r a l s in hand spe c imens . The c o r r e l a t i o n between spec tra l d e t e c t i o n o f s e r p e n t i n eminera l s and presence of pro toco l asbestos f i b e r s will be e x p l o r e d as a p o s s i b l et e chnique to screen s a m p l e s in the f i e ld a l l o w i n g those wi th h i g h p o t e n t i a l to bes e l e c t ed for more in d e p t h ana ly s i s . S u c h a s creening tool could accelerate theprocess of m a p p i n g entire countie s for asbestos p o t e n t i a l at the hand spe c imen orremote s en s ing scales.



R I S K O F L U N G C A N C E R F R O M E X P O S U R E T O V A R I O U S F I B E R SJ. T u r i m 1 and R. C. Brown2; 'Sciences International. Inc., Alexandria, VA;2 Toxicology Services, Uppingham, UK
The re la t ive t o x i c i t y o f d i f f e r e n t t y p e s o f asbestos and other mineral f i b e r s hasbeen the sub j e c t of great debate. T o x i c i t y Equiva l ency F a c t o r s have been usedby the US ERA and other agencies to represent the risks of i n d i v i d u a l agent sw i t h i n a c las s r e la t ive to a r e p r e s e n t a t i v e member. By t a k i n g into accountd i f f e r e n c e s in b i o p e r s i s t e n c e , and a s suming that a l l l u n g re s ident f i b e r s havei d e n t i c a l po t enc i e s , we use such an a p p r o a c h to characterize the risk of l u n gcancer, r e la t ive to a m p h i b o l e s , f r o m c h r y s o t i l e asbestos and man-made vitreousf i b e r s .
We used a d e p o s i t i o n clearance model to generate t i m e - d e p e n d e n t l u n g burden sin rats o f a dozen l o n g f i b e r s for various expo sure concentrat ions . T o g e t h e r wi tha p r e v i o u s l y e s t imated po t ency f a c t o r f o r l o n g f i b e r s 1 ' 2 , we used th e generatedl u n g burdens to e s t imate risks of l u n g cancer in rats associated wi th i n h a l e df i b e r s . Over a broad range of exposure concentrat ions , excess risk is a l i n e a rf u n c t i o n o f exposure concentration f o r aerosol s wi th equal d e p o s i t i o n e f f i c i e n c i e s .Excess l u n g cancer risk i s al so a l i n e a r f u n c t i o n o f w e i g h t e d ha l f - l i f e f o r f i b e r s f o rwhich the we igh t ed hal f- l i f e i s short compared to the l i f e span of the rat. W h e nthe w e i g h t e d half-life is l o n g , as in the case of amosite asbestos, the r e l a t i o n s h i pd e p a r t s f r o m l i n e a r i t y because the l u n g burden does not reach e q u i l i b r i u m in ar a t ' s l i f e t i m e .
We e x p l o r e whether these c oncep t s can be used to rank, for d i f f e r e n t t y p e s off i b e r s , t h e excess risk f r o m o c c u p a t i o n a l exposure t h r o u g h i n h a l a t i o n . S i n c eeven f i b e r s that have l o n g h a l f - l i v e s reach e q u i l i b r i u m r e l a t i v e l y early in a humanl i f e t i m e , one would expect to observe a p p r o x i m a t e l i n e a r i t y between the we igh t edh a l f l i f e and excess risk. T h i s observation sugge s t s that human l u n g cancer riskassociated with di f ferent i n h a l e d f i b e r s can be compared u s ing the r e s u l t s o f theshort-term e x p e r i m e n t s that are c onduc t ed to d e t e r m i n e w e i g h t e d hal f- l i f e .
1 M o o l g a v k a r S H , Luebeck E G , T u r i m J , a n d Brown R C . L u n g cancer riskassociated with e xpo sur e to man-made f i b e r s . Drug and Chem Tox, 231 (1), 223-
242 (2000).2 M o o l g a v k a r S H , T u r i m J , Brown R C , a n d Luebeck E G . L o n g man-made f i b e r sand l u n g cancer risk. Reg Tox and Pharm (in press).



I D E N T I F I C A T I O N O F T R E M O L I T E - A C T I N O L I T E A S B E S T O SJ. R. Verkouteren" and A . G . W y l i e . NIST, Gaithersburg, MD; Department ofGeology, University of Maryland, College Park, MD
T r e m o l i t e and a c t i n o l i t e asbestos f o r m part of a s o l i d s o l u t i o n series d e f i n e d bythe idea l c o m p o s i t i o n Ca,, (Mg,Fe) 5 Si 8 O 2 2 (OH) 2 . Other chemical s u b s t i t u t i o n s canoccur that in troduc e var iab l e amounts o f N a , A l , M n , C r , T i , F , a n d K , f o r whichmaximum atomic p r o p o r t i o n s are s p e c i f i e d by nomenclature convention. Thep h y s i c a l p r o p e r t i e s used t o i d e n t i f y t h e a m p h i b o l e , i n c l u d i n g o p t i c a l p r o p e r t i e s(e.g. r e f r a c t i v e i n d e x ) and the d imens i on s of the unit c e l l (ob ta ined by d i f f r a c t i o nm e t h o d s ) , are d e p e n d e n t upon c o m p o s i t i o n . A large- s ca l e s t u d y d e s i g n e d top l a c e s t a t i s t i c a l l i m i t s on the range in values for these p r o p e r t i e s in the t r e m o l i t e -f e r r o a c t i n o l i t e series was under taken and repor t ed by the authors 1 . Two of thes a m p l e s f r o m t h i s s t u d y are b e ing pr epar ed f or reissue a s part o f a NISTstandard r e f e r e n c e material (SRM 1867a) for uncommon commercial asbestosthat i n c l u d e s t r e m o l i t e , a c t i n o l i t e , and a n t h o p h y l l i t e asbestos. One h a l f of the 35a s b e s t i f o r m s a m p l e s ana lyzed in [1] contain some f i b e r s that have o p t i c a lp r o p e r t i e s that are cons i s t ent wi th massive t r e m o l i t e s and a c t i n o l i t e s . Ther e m a i n i n g s a m p l e s pre s ent o n l y anomalous o p t i c a l p r o p e r t i e s , s i m i l a r t o those o fc r o c i d o l i t e and amosite, that i n c l u d e p a r a l l e l , rather than i n c l i n e d , e x t i n c t i o n , andchanges in r e f rac t ive indi c e s . T h e s e anomalous p r o p e r t i e s w i l l b e de s cr ibed . Ina d d i t i o n , the p r o p e r t i e s o f the a s b e s t i f o r m a m p h i b o l e f r o m the v e r m i c u l i t e mine inLibby, Montana 2 , w i l l be described.
1 J.R. V e r k o u t e r e n and A . G . W y l i e (2000) A m e r i c a n M i n e r a l o g i s t 85 , 1239-1254.2 A . G . W y l i e a n d J . R . V e r k o u t e r e n (2000) Amer i can M i n e r a l o g i s t 8 5 , 1540-1542.



A S S E S S M E N T O F O C C U P A T I O N A L A N D R E S I D E N T I A L E X P O S U R E S T O A S B E S T O S I NS O I LMiriam W. W e i l , M.P.H and Matthew T. M a d d e n , P.E.; Rizzo Associates, Framingharn,Massachusetts
S i t u a t i o n — A b a n d o n e d Power P l a n t in a r e s i d e n t i a l Boston n e i g h b o r h o o d - on theBoston H a r b o r . Probab l e release of asbestos to air and s o i l s s u r r o u n d i n g power p l a n tb u i l d i n g . P o s s i b l e release mechanisms i n c l u d e damaged asbestos c o n t a i n i n g mat er ia l son ex t er ior p i p i n g and damaged a s b e s t o s - con ta in ing m a t e r i a l s on in t e r i o r p i p i n gexposed to the weather due to b u i l d i n g damage and v a n d a l i s m .
I s s u e s — H o w to r emediat e the s i t e and d e m o l i s h the b u i l d i n g w i t h o u t r e l e a s i n g asbestosinto the air in concentrat ions at l e v e l s that would pre sent risks to workers at the s i t e ,n e i g h b o r i n g r e s i d e n t s l i v i n g close to the s i t e , and local r e s i d en t s who pass by the s i te ont h e i r way to t h e i r f i s h i n g boats moored at the a d j a c e n t docks.
S o l u t i o n — E s t a b l i s h asbestos action l e v e l s for air, du s t and soil based on i n h a l a t i o n off u g i t i v e dust to pro t ec t workers and r e s i d en t s d u r i n g remedial a c t iv i t i e s . M o n i t o r air anddust d u r i n g the work to keep the concentrat ions of d u s t / a s b e s t o s below the actionlevels. Characterize risk of p o t e n t i a l exposures to remediat ion workers, local residentt r e spas s er s and local r e s i d en t s d u r i n g expec t ed p e r i o d s o f r emed ia t i on . Use measuredasbestos concentra t ions in soil and measured dust concentrat ions to characterize risk.



A S B E S T O S - R E L A T E D D I S E A S E S F R O M E N V I R O N M E N T A L E X P O S U R E T OC R O C I D O L I T E I N D A - Y A O , C H I N A I . R E V I E W O F E P I D E M I O L O G I C A L & C O H O R T D A T A
W e n , C.P., M D , M P H , D r P H 1 ' , Luo, S , M D 2 L 1 u , X , M D 2 M U , S , M D . T s a i , S . P . P h D 2 3 Division o f Health PolicyResearch, National Health Research Institute, Taipei, Taiwan'; Department of Occupational Health, School ofPublic Health West China University of Medical Sciences, Chengdu, Sichuan, China2; University of TexasSchool of Public Health, Houston, Texas3

O b j e c t i v e s — S c a t t e r e d patches of c roc ido l i t e , one f o r m of asbestos, were f o u n d in the sur face soil in the ruralcounty of Da-yao in southwestern China. In 1983, researchers f r o m the West C h i n a U n i v e r s i t y of M e d i c a lScience s (WCUMS) discovered that re s idents of two v i l l a g e s in Da-yao had p l e u r a l p laque and p l e u r a lmeso the l i oma that had reached the p r o p o r t i o n of hyper-endemic state. More s tud i e s have been conductedto unveil the severity of the h e a l t h impact . The p u r p o s e of thi s p a p e r is to review and summarize theses tudie s , along with other relevant data, and to discuss the potent ial contribution to environmental riskassessment.
M e t h o d — T h i s report is based on a review of several c l i n i c a l / e p i d e m i o l o g i c a l s tud i e s conducted by WCUMSresearchers since 1984, which i n c l u d e d one cross-sectional medical examination survey, onec l i n i c a l / p a t h o l o g i c analys i s of 46 cases of meso the l ioma, and three retrospect ive cohort m o r t a l i t y s tudie s .Additional i n f o r m a t i o n acquired f r o m reviewing o r i g i n a l data f irs t hand d u r i n g a personal visit a l ong with aninterview of inve s t iga tor s and medical s p e c i a l i s t s f r o m Da-yao County H o s p i t a l was also i n c o r p o r a t e d .
R e s u l t s — T h e prevalence of p l eural p laque was 20% among peasants over 40 years of age in the Da-Yaov i l l a g e s in the cross-sectional survey, a r e f l e c t i o n of s i g n i f i c a n t asbestos exposure in the past. The averagenumber of me so the l ioma cases was 6.6 per year in the 1984-1995 period and 22 per year in the 1996-1999p e r i o d , a clear trend of an increase with time. For those me so th e l i oma cases that were h i s t o l o g y - c o n f i r m e d ,there were 3.8 cases/year in the f i r s t p er iod and 9 cases/year in the second, in a p o p u l a t i o n of 68,000. Of the2,175 peasants in thi s survey, 16 had asbestosis. In the cohort s tudies , l u n g cancer deaths were s i g n i f i c a n t l yelevated in all three-cohort s tudie s . The annual m o r t a l i t y rate for me so the l i oma was 85 per m i l l i o n , 178 perm i l l i o n , and 365 per m i l l i o n for the three cohort s t u d i e s , r e sp e c t iv e ly . The h i g h e r exposed peasants by l i v i n gin the h igh-r i sk v i l l a g e s had a 5 - f o l d increased me so th e l i oma m o r t a l i t y compared to t h e i r lower exposedcounterpart s . T h e r e were no cases of me so the l ioma in the comparison g r o u p s where no c r o c i d o l i t e wasknown to exist in the environment. In the t h i r d cohort s t u d y , one out of f i v e cancer deaths (22%) was f r o mmesothe l ioma. In contrast to the rarity of meso the l ioma cases u s u a l l y encountered in most s t ud i e s , the threes tud i e s had the number of me so the l i oma dea th s not much f e w e r than that of l u n g cancer d ea th s , with a ratiobetween l u n g cancer and meso the l i oma of the order of 1.3, 3.0, and 1.2, r e sp e c t iv e ly .
C o n c l u s i o n s — T h e observation of numerous me so th e l i oma cases at Da-yao was a unique f i n d i n g duem a i n l y to t h e i r l i f e t ime expo sure to c r o c i d o l i t e asbestos, a n a t u r a l l y occurring substance on the groundsur fa c e s o i l . In a d d i t i o n , the f i n d i n g o f cases d y i n g at a younger age or the r e l a t i v e l y h i g h ratio o fm e s o t h e l i o m a cases to l u n g cancer cou ld al so be another unique re su l t of l i f e t i m e environmentalexpo sure to c r o c i d o l i t e asbestos. A l t h o u g h the commercial use of c r o c i d o l i t e has been officially bannedsince 1984, the in c id enc e of m e s o t h e l i o m a has con t inued to show a s t eady increase, p a r t i c u l a r l y amongthe peasants . Our observation made us s p e c u l a t e that the d a i l y i n h a l a t i o n of asbestos f i b e r s f r o m du s tyf a r m roads not o n l y c o n t i n u e d , but was also aggravated by the increas ing number of s p e e d i n g motorvehi c l e s that l e f t a c loud o f dust behind them for the school c h i l d r e n and w a l k i n g p ea sant s to breathe. Ina d d i t i o n , the asbestos f i b e r s f r o m p e e l i n g w a l l s and d i s i n t e g r a t i n g asbestos stoves both cou ld sendasbestos f i b e r s into the air when it was windy. R e d u c t i o n of these exposure s was p r o p o s e d . F u r t h e r , thee s t a b l i s h m e n t of a me so the l i oma panel to v e r i f y cases, an exposure pane l to reconstruct and assessprevious per sonal exposure e xper i enc e , and a cancer r e g i s t r y to accurate ly record all new cancer caseswould great ly f a c i l i t a t e the f u t u r e conduct of a l o n g i t u d i n a l p o p u l a t i o n s tudy and provide accurate data forenvironmenta l risk assessment.



A S B E S T O S - R E L A T E D D I S E A S E S F R O M E N V I R O N M E N T A L E X P O S U R E T OC R O C I D O L I T E I N D A - Y A O , C H I N A I I . A C A S E - C O N T R O L S T U D Y O FM E S O T H E L I O M AC h i Pang W e n , M D , D r . P . H V S h a n P o u T s a i , P h . D 1 S u q i o n g Luo, M D 2 J i n g T a oW a n g 2 National Health Research Institute, Taipei, Taiwan1 West ChinaUniversity School of Public Health, Chengdu, China2

O b j e c t i v e s — S c a t t e r e d patche s of c r o c i d o l i t e , one f o r m of asbestos, were f o u n din the s u r f a c e soil in a rural communi ty of Da-yao, located in sou thwes t ern part ofChina. F r o m an earl ier c l inical survey and cohort s tudy, we reported ane x t raord inary number of me s o th e l i oma cases. To ascertain the presence of dosere sponse r e l a t i o n s h i p between exposure i n t e n s i t y or d u r a t i o n and thedeve lopment of mesothe l ioma, a case control s tudy d e s i g n was undertaken.
M e t h o d s — T h i r t y - f o u r cases o f me s o th e l i oma were i d e n t i f i e d f r o m the h o s p i t a lrecords, of which 23 could be interviewed in the f o l l o w up e f f o r t . By matchingthese cases for age, sex and res idence, 30 c o n t r o l s were se l ec t ed f r o m the sameh o s p i t a l p a t i e n t s , by e x c l u d i n g those with cancer, r e sp i ra t ory di sease s orunknown diagnos i s . Estimates for various exposure in t en s i t i e s were made forenvironmental expo sure s in the d i f f e r e n t t ime p e r i o d s based on the extent ofexcavation and stove making g o i n g on at the t ime. In the few ins tance s whereh i g h e xpo sur e in stove-making s e t t i n g s occurred, actual measurements made ins i m u l a t e d environments were used. The cumula t iv e exposure i n d e x was theproduc t of the number of years in res idence and expo sure d e n s i t y at that t ime.
R e s u l t s — M e s o t h e l i o m a cases were s i g n i f i c a n t l y associated wi th h i g h e rc u m u l a t i v e expo sure index . In a d d i t i o n , there seems to be a do s e-re spons er e l a t i o n s h i p between t i m e - a d j u s t e d c u m u l a t i v e exposure i n t e n s i t y and thed e v e l o p m e n t of me s o th e l i oma, a f t e r a latency of an average of 50 years.S m o k i n g was not a s i g n i f i c a n t risk f a c t o r , e i th er based on pack-years or h i s t oryalone, but cancer in the i m m e d i a t e f a m i l y was for me s o th e l i oma.
C o n c l u s i o n — E n v i r o n m e n t a l c r o c i d o l i t e e xpo sure i s associated withm e s o t h e l i o m a and a dose re sponse r e l a t i o n s h i p between the l i f e t i m e exposureand the d e v e l o p m e n t of me s o th e l i oma was f o u n d .



A S B E S T O S R E L E A S E D U R I N G R E M O V A L O F R E S I L I E N T F L O O R C O V E R I N GM A T E R I A L S B Y R E C O M M E N D E D W O R K P R A C T I C E S O F T H E R E S I L I E N TF L O O R C O V E R I N G I N S T I T U T E "M . G l e n n W i l l i a m s , J r . , Robert N . Crossman, J r . , a n d Ronald F . Dodson, Ph.D.,FCCP; Department of Cell Biology and Environmental Sciences, The Universityof Texas Health Center at Tyler, 11937 U.S. Highway 271, Tyler, TX 75708
This s t u d y assesses the asbestos l e v e l s observed d u r i n g removal o f r e s i l i e n tf l o o r covering p r o d u c t s u s ing the "Recommended W o r k Practices" ( 1 9 9 5 ) o f theR e s i l i e n t Floor Cover ing Ins t i tu t e o r more pro t e c t iv e me thod s ( c o n t r o l s ) .Removals of sheet v i n y l , 12" x 12" vinyl asbestos t i l e , 9" x 9" a s p h a l t t i l e s andmastic were c onduc t ed . B u l k s a m p l e s and air s a m p l e s were analyzed byP o l a r i z e d L i g h t M i c r o s c o p y , Phase Contrast M i c r o s c o p y and A n a l y t i c a lT r a n s m i s s i o n Ele c tron M i c r o s c o p y - Y a m a t e Level I I p r o t o c o l . Only a s m a l lnumber (0.7%) of f i b e r s and s tructures counted by T r a n s m i s s i o n El e c t ronMicroscopy would be counted by Phase Contrast Micro s copy as per the methods p e c i f i e d b y t h e Occupat ional S a f e t y a n d H e a l t h A d m i n i s t r a t i o n r e g u l a t i o n s . T h i sposes a serious p r o b l e m because all of the f i b e r s and greater than 90% of thef i b e r b u n d l e s were r e s p i r a b l e . T h e s e data i l l u s t r a t e t h e e xpo sure p o t e n t i a l d u r i n gthe removal me thod s tested and s u p p o r t s the necessity of c o n t r o l l i n g asbestosemission f r o m such sources in order to protect human hea l th and theenvironment.
F u n d e d b y : T e x a s D e p a r t m e n t o f H e a l t h I n t e r a g e n c y C o o p e r a t i v e Contract
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U S E O F S I Z E - S E L E C T E D F I B E R S T O E V A L U A T E T H E C O N T R I B U T I O N O FL E N G T H V S C H E M I S T R Y I N F I B E R C Y T O T O X I C I T Y .P C Z e i d l e r , J Ye, W J o n e s , P Baron1, A M a r t i n e z 1 , V A Robinson, &V Castranova. National Institute for Occupational Safety and Health,Morgantown, WV and1 Cincinnati, OH.
S t u d i e s have shown that asbestos can lead to l u n g disease. T h e r e f o r e ,s u b s t i t u t e s have been d e v e l o p e d that d i f f e r c h e m i c a l l y f r o m asbestos. However,f i b e r l e n g t h as we l l as chemical c o m p o s i t i o n may be an i m p o r t a n t f a c t o r inp a t h o g e n i c i t y . The ob j e c t ive of th i s s tudy was to inves t igate the role of l e n g t hversus chemi s t ry by m o n i t o r i n g the c e l l u l a r e f f e c t s o f in vitro exposure to di f f erentl e n g t h g l a s s f i b e r s (7 and 17«m) or three t y p e s of f i b e r s ( g l a s s , c h r y s o t i l e , orceramic) of the same l e n g t h . A d i e l e c t r o p h o r e t i c c l a s s i f i e r was used to separatef i b e r s into s p e c i f i e d l e n g t h categorie s . Primary ra t a l v e o l a r macrophage sobtained by bronchoa lveo lar lavage were exposed to various concentra t ions off i b e r s . Cyto t o x i c i ty and i n f l a m m a t o r y potency were assessed by lactate
d e h y d r o g e n a s e and tumor necrosis f a c t o r a (TNF-a) release, r e s p e c t i v e l y . Datashow that 7»m g l a s s f i b e r s (100//g/ml) caused 6% ce l l d ea th w h i l e 17»m g l a s sf i b e r caused 31% ce l l dea th (Blake e t . al., 1998). We f o u n d that l o n g g l a s s f i b e r s(at a c e l h f i b e r ratio of 1:5) were twice as po t en t as short g l a s s f i b e r s ins t i m u l a t i n g T N F - « p r o d u c t i o n . Data i n d i c a t e that M A P kinases, p 3 8 a n d E R K , p l a y
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Directions to the Elihu Harri s Building
Location: 1515 Clay Street

Oakland, C a l i f o r n i a
(Corner of C l a y Stree t and 16 t h S t r e e t )
12th Street BART Stat ion

Buses Departing
San Francisco Marriott:

Directions from BART:

Driving Directions:

Parking:

Buses wi l l depart the San Franci s co Marriott p r o m p t l y at 7:00am both mornings (May 24 and
May 25) to t ran spor t pas s engers to the El ihu Harr i s B u i l d i n g . F o l l o w i n g the Poster S e s s i o n
Reception on May 24th, buses will depart the Elihu Harris Building at 7:00pm for return to the San
Franc i s c o Marriott . On May 25 th, buses w i l l depart the E l i h u Harr i s B u i l d i n g at 5:00pm for return
to the San Franc i s c o Marriott .
BART runs p a r a l l e l to Broadway in downtown Oakland. The C i t y Center (12 t h S t r e e t ) S t a t i o n is
j u s t two blocks east of the El ihu M. H a r r i s B u i l d i n g in the C i t y Center Retail Area. The
S F / C o n c o r d , S F / R i c h m o n d and Richmond/Fremont l ines s t o p at C i t y Center Oakland. Riders on
the P l e a s a n t o n / S F and F r e m o n t / S F line must t r a n s f e r to one of the above lines.
Once you arrive at the 12 t h Street BART S t a t i o n , exit onto Broadway. Proceed N o r t h on
Broadway toward 14lh Street . Turn l e f t onto 14 th S t r e e t . (The Oakland Convention and V i s i t o r s
Bureau will be on your l e f t . The Frank Ogawa Plaza wil l be on your right .) Proceed one block on
14th Stre e t to C l a y Stree t . T u r n right onto C l a y Str e e t . You w i l l s ee the H a r r i s S t a t e B u i l d i n g on
the corner of C l a y Stre e t and 16 t h Stre e t .
From Sacramento: Take H i g h w a y 80 S o u t h to the 580 Inter change; go East on 580 to the 980
Interchange; take the 980 to 880/Downtown Oakland Inter change; take the 18 l h - 14th Street exit
(stay in the r ight hand lane) and go to 14lh Stree t . Turn left onto 14th S t r e e t , cross ing over the
f r e eway; go s traight on 14th Stree t for f o u r b locks to C l a y S t r e e t . Turn le f t onto C l a y Stree t . The
Elihu M. Harri s (EMH) Build ing is immediately on the l e f t .
From San Francisco: Cross the Bay Bridge; stay in the m i d d l e right hand lanes and take 580
Eas t; f rom 580 take the 980 to 880/Downtown Oakland Inter change; take the 18 t h - 14' h S t r e e t Exit
and stay in the r igh t hand lane; go 4 blocks to 14* Stree t . T u r n left onto 14rh S t r e e t , crossing over
the freeway; go s traight on 14th Stre e t for a p p r o x i m a t e l y 4 b locks to C l a y Stre e t . T u r n left onto
C l a y S t r e e t . The E l i h u M. H a r r i s (EMH) B u i l d i n g i s immedia t e ly on the l e f t .
From East 580: Take 580 West to 980 to 880/Downtown Oakland Interchange; take 980 to the
18 t h - 14 th Stree t Exit and stay in the right hand lane; go 4 b lo ck s to 14 lh Stre e t . T u r n l e f t onto 14 th

cross ing over the f r e eway; go s t ra igh t on 14 lh S t r e e t for a p p r o x i m a t e l y 4 b locks to C l a y S t r e e t .
T u r n l e f t onto C l a y Stree t . The Elihu M. H a r r i s (EMH) B u i l d i n g i s immed ia t e ly on the l e f t .
From Sou th 880: T a k e 880 N o r t h to 980 to Downtown Oakland I n t e r c h a n g e ; Exit 14th - 17th
S t r e e t s and s tay in the right hand lane for 2 blocks. T u r n right onto 14th S t r e e t ; go s t ra ight on
14 l h Stree t t o C l a y S t r e e t . Turn l e f t onto C l a y S t r e e t . The E l i h u M. Harri s (EMH) B u i l d i n g i s
immediately to the l e f t .
C l a y Street Garage: 1414 C l a y S t r e e t
$1.50 per hour; $10.00 max per day; 6:30am - 10:00pm
*Across the street f r om the EMH B u i l d i n g .
Central Parking Ci ty Center Wes t: 1250 M a r t i n Luther K i n g Jr. Way
$1.00 per h a l f hour; $10.00 max per day (if in be fore 9:30am); 6:00am- l l : 0 0 p m
*4 blocks f rom the EMH Building.
City Parking Garage: 1911 T e l e g r a p h Avenue
$.75 per hour; $3.50 if in by 9:00am; $5.00 max per day; 6:30am - 9:00pm
*5 b lo ck s f r o m the EMH B u i l d i n g .

2001 A s b e s t o s H e a l t h E f f e c t s C o n f e r e n c e *• May 24 - 25, 2001



Lunch Options near the Elihu Harri s Building
Note: There over 150 restaurants within a 1 mile radius of the Elihu Harris Building. We have listed 20 options
which have been reviewed by the San Francisco Chronicle. The included map is intended to help you navigate.
Battambang
850 Broadway (near N i n t h S t r e e t )
Southeast Asian: S i m p l e d i n i n g room in which to take
a culinary tour of Cambodian food like s t u f f e d
chicken wings and curries. Good service. -Robin
Davis
Yorkshire F i s h and Chip s
248 Grand Avenue (near H a r r i s o n )
Seafood: If you want f i s h and po ta t o e s , this is the
place. A l t h o u g h the tables are clean and the f i s h is
f r e s h , overall the p l a c e i s grubby. Menu f a l l s o f f
once you leave the basic f i s h and chips. -K.S.
C a r r a r a ' s
2735 Broadway (at 27 l h S t r e e t )
California/Contemporary: Some f a b u l o u s dishes l ike
pork loin chops with a s a f f r o n - h a z e l n u t crust, hanger
steak and f l a n brought by po l i sh ed servers. Located
in a car dea l er sh ip . - K . S .
Gold Medal Restaurant
381 E i g h t h Stree t (near Web s t e r)
Chinese: S t a n d o u t Chinese barbecue and good menu
of $5 dishes i n c l u d i n g salt and p e p p e r pork. Chinese
greens and d e e p - f r i e d f l o u n d e r . - K . S .
I t a l i a n Color s
101 Broadway ( J a c k London S q u a r e )
Italian: A nice op t i on in J a c k London Square with
top-drawer service and a n i f t y atmosphere. - K.S.
J a d e V i l l a
800 Broadway (at Eighth S t r e e t )
Chinese: One hundred varieties of dim sum at theis
b u s t l i n g p l a i n - J a n e restaurant. Good d u m p l i n g s , f o i l
wrapped chicken, barbecue pork bun and shrimp-
s t u f f e d mushrooms. Helpful service. - Robin Davis
La Furia Chalaca
310 Broadway (between T h i r d and F o u r t h S t r e e t s )
South and Central American & Caribbean: F a m i l y
a f f a i r Peruvian restaurant. Good di shes i n c l u d e
p o t a t o f r i t t e r s , s e a f o o d , c a r a m e l - f i l l e d cookies.
S e r v i c e is sweet but lacks e f f i c i e n c y . - Robin Davis

Oaktown C a f e
499 N i n t h Stre e t (at W a s h i n g t o n )
California/Contemporary: F i n e rustic f o o d such as
whole roasted f i s h , risotto and pasta. Excellent value-
minded wine l i s t . - K . S .
Peony
388 N i n t h Stree t , No. 288 (at Frankl in)
Chinese: The Asian dishes can be inconsistent, but
y o u ' l l f i n d exce l l ent T h a i - s t y l e c a t f i s h , oxtail i n r e d
wine, roast suckl ing p i g . - Michael Bauer
Phnom Penh House
251 E i g h t h Stree t (between A l i c e and H a r r i s o n )
Southeast Asian: A l o n g - s t a n d i n g , r e l i a b l e spot for
reasonably priced Cambodian f o o d . Easy-going
atmosphere. - K . S .
Pho84
416 13th Stre e t (between Broadway and Frankl in
S t r e e t s )
Vietnamese: P l e a s i n g interior and nice wait s t a f f . Try
the mussels and snapper in coconut milk and onions. -
K . S .
Pho Hoa-Lao II
333 10' h Street (between Webs t er and Harrison
S t r e e t s )
Vietnamese: An o u t s t a n d i n g rendi t ion o f Vie tnam' s
national soup. S p e e d y service and low prices. - K . S .
R o s c o e ' s Chicken a n d W a f f l e s
336 Grand Avenue (at Perkins S t r e e t )
American: An unusual combination of chicken and
w a f f l e s i s more than a gimmick: i t ' s good eating. -
J . S .
S a i g o n
1526 San Pablo Avenue (near C l a y S t r e e t )
Vietnamese: T e r r i f i c V i e t n a m e s e f o o d i n c l u d i n g
Vietnames e crepes and 7 courses of beef served in a
casual s e t t ing. - K . S .
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Lunch Options near the Elihu Harri s Bui ld ing
Note: There over 150 restaurants within a 1 mile radius of the Elihu Harris Building. We have listed 20 options
which have been reviewed by the San Francisco Chronicle. The included map is intended to help you navigate.
Shan Dong
328 10 th Stre e t
Chinese: A charming dive with e x c e p t i o n a l l y nice
waiters can be a t e r r i f i c bargain if you p i ck the right
di shes l ike d u m p l i n g s and steamed buns. -K.S.
Soiz i c
300 Broadway (at T h i r d S t r e e t )
California/Contemporary: Art sy d i n i n g room and
subt le , d e l i c a t e d i she s make t h i s restaurant a personal
expre s s ion of the owners -Robin Davis
Sushi Zone
388 N i n t h S t r e e t , S u i t e 268 (Second F l o o r )
Sushi: Awesome lob s t er sashimi. A l s o very good
sushi and other sashimi. Servi c e can run hot and
cold. - K . S .

Toutati s
719 W a s h i n g t o n Stree t (between 7* and 8 lh S t r e e t s )
French: Crepes of all kinds h i g h l i g h t the menu at th i s
welcome a d d i t i o n to old Oakland. The dessert crepes
are p a r t i c u l a r l y good. Cash only. - K.S.
V e r o n i c a ' s
1601 San Pablo Avenue (at 16 t h S t r e e t )
American: T e r r i f i c barbeque, decent home-style
cooking and a f r i e n d l y owner make thi s a great d i n i n g
op t i on for this section of downtown Oakland. -K.S.
V i ' s
724 Wes t e r Stree t (between 7 th and 8* S t r e e t s )
Vietnamese: Vie tnamese noodle soup is the name of
the game here, though duck nood l e soup outshines
usual pho. - Robin Davis
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SEPA U . S . Environmental Pro t e c t i on A g e n c y
F r e q u e n t l y Asked Quest ions R e g a r d i n g A s b e s t o s
Q. What is asbestos?
A. Asbe s t o s is the name given to a number of naturally occurring minerals that have been mined for
their u s e fu l propertie s . Asbe s to s is composed of silicon, oxygen, hydrogen and various metal cations
( p o s i t i v e l y charged metal ions). Unlike most minerals, which turn to dust par t i c l e s when crushed,
asbestos breaks up into f i n e f i b er s that are too small to be seen by the human eye.
Asbestos appealed to manufacturers and builders for a variety of reasons. It is strong yet f l e x i b l e , and it
will not burn. It conducts e l e c tr i c i ty poorly, but insulates e f f e c t i v e l y . It also is resistant to corrosion.
Asbestos may have been so wide ly used because few other available substances combine the same
qualities.
Q. What happens to asbestos when it enters the environment?
A. Asbe s t o s can enter the air and water from the weathering of natural d epo s i t s and the dis integration
of manufactured asbestos products, such as insulation. Smal l f i b er s may remain suspended in the air for
a long time be fore se t t l ing. Larger f i b er s tend to s e t t l e more quickly. Asbes tos f i b er s are not able to
move through soil and they are not broken down to other compounds in the environment. There f or e ,
they can remain in the environment for decades or longer.
Q. How might humans be exposed to asbestos?
A. Humans may be exposed to asbestos by breathing asbestos f i b er in the air f rom a number of
sources, including working in industries that mine, make, or use asbestos products or near a bui lding
containing asbestos products that is being torn down or renovated. T h e y can also be exposed by
drinking water that contains asbestos from natural sources or from asbestos-containing cement p i p e s in
drinking water distribution systems.



Q. How can asbestos affect human health?
A. Asbes tos mainly a f f e c t s the lungs. Changes in the membrane surrounding the lung are quite common
in workers exposed to asbestos. Thes e are also sometimes found in p e o p l e living in areas with high
l eve l s of asbestos in the air.
Breathing very high level s of asbestos may result in a slow bu i ldup of scar-like tissue in the lungs and in
the membrane that surrounds the lungs. T h i s disease is called asbestosis, and is u sual ly found in asbestos
workers and not in the general public . H e a l t h studies that were conducted on p e o p l e l iving near an
asbestos-contaminated vermiculite mine in Libby, MT have found unusually high cases of asbestos in
non-mine workers. Peop l e with asbestosis have shortness of breath, o f t e n along with a cough and
sometimes heart enlargement. T h i s is a serious disease and can eventually lead to d i s a b i l i t y or death.
Q. How likely is asbestos to cause cancer?
A. The Department of H e a l t h and Human Services (DHHS) and EPA have determined that asbestos is
a carcinogen— it is known to cause cancer in p eop l e . There are two type s of cancer caused by
exposure to high l eve l s of asbestos: cancer of the lung tissue i t s e l f and mesothelioma; a cancer of the
membrane that surrounds the lung and other internal organs. Both of these are usually f a t a l . The s e
diseases do not deve lop immediately a f t er exposure, but may be discovered many years later.
Interactions between cigarette smoke and asbestos increase a p e r s o n ' s chance of ge t t ing lung cancer.
S t u d i e s of workers suggest that breathing asbestos can increase the chances of ge t t ing cancer in other
parts of the body (stomach, intestines, esophagus, pancreas, kidneys), but this is not certain.
It is not known whether inges t ing asbestos causes cancer. Some p e o p l e who had been exposed to
asbestos f i b er s in their drinking water had higher-than-average death rates from cancer of the
esophagus, stomach, and intestines. However, it is not known whether this was caused by asbestos or
by something else.
Q. Is there a medical test to show whether humans have been exposed to asbestos?
A. Chest X-rays cannot detect asbestos f i b er s , but can detect early signs of lung disease caused by
asbestos. Other tests (lung and CAT scans), are also u s e fu l in detecting changes in the lungs.
T e s t s exist to measure asbestos f iber s in urine, f e c e s , mucus, or material rinsed out of the lung. However,
low levels of asbestos f i b e r s are found in these body f l u i d s in nearly all p e o p l e , so higher-than-average
level s can only show that you have been exposed to asbestos, not whether you will experience any
health e f f e c t s .
Q. Has the federal government made recommendations on how to protect humans from exposure
to asbestos.
A. Since 1989, EPA has banned six asbestos-containing product categories: corrugated paper,
rollboard, commercial paper, sp e c ia l i ty paper, f l o o r i n g f e l t , and new uses of asbestos.
EPA does NOT track the manufacture, processing, or distribution in commerce of asbestos-containing



products. There f or e , consumers or other buyers should inquire as to the presence of asbestos in
particular products.
EPA has es tabli shed regulations that require school systems to inspect for damaged asbestos and to
eliminate or reduce human exposure by removing the asbestos or by covering it up.
Also , EPA has set a limit of 7 mil l ion f i b er s per liter (MFL) as the concentration of long asbestos
f i b er s that may be present in drinking water.

Q. What products contain asbestos?
A. Asbe s to s is found naturally throughout the world. It is mined in the United S t a t e s , Canada, the
former Soviet Union and South Afr i ca . Asbes tos is commonly used as for insulation and f i r e proo f ing .
Many everyday products in use today contain asbestos, including:

Thermal insulation • Insula t i on board • Fire protection
Roof ing paper • Corrugated paper • Sealant s
Cement board and p i p e • Pipe wrap • Paints
Insulated sprayed coatings • Absorbent packing • Molt en metal insulation
Thermal p i p e wrap • Hydropon i c s brake pads • M o l d e d product s
T r o w e l l e d coating and shoes • Vermicul i t e

Q. If people think they might have asbestos-containing insulation in their home, what do you
suggest they do?
A. If p e o p l e think they have asbestos-containing insulation in their attic or wal l s , they should leave it
alone. As long as the walls or attic insulation is in good condition the asbestos will not harm humans. If
they are still concerned, it probably makes sense to have the material tested to see if it contains asbestos.

Q. Can people test the material themselves?
A. We suggest hiring a trained consultant or contractor to collect the sample and get it analyzed at a
laboratory. We discourage disturbing any material po t en t ia l ly containing asbestos without proper training
on appropriate s a f e t y precautions.
Q. What should be done if the material is found to contain asbestos?
A. Depending on the asbestos levels in the sample s , where the material is located, and the condition of
the material, you may want to consider getting the air in your home tested jus t to be sure the asbestos is
not get t ing into the air.
Q. If there is asbestos in the insulation, should it be removed?
A. If the insulation is damaged and the potential exists that the asbestos f i b er s could become airborne,
you might want to consider having it removed. Before taking that s t ep, homeowners should consider a



number of fac tors . F i r s t , is the potential for exposure to the asbestos. Removing asbestos-containing
materials must be performed by a c er t i f i ed pro f e s s ional and is t y p i c a l l y very expensive. Peop l e should
not attempt to remove the materials themselves. Second, if the insulation is not exposed to the home
environment-for example, it is sealed behind wallboards and f l o o r b o a r d s or is i so lated in the attic that is
vented outside or the insulation is in good condition, the best advice would be to leave it alone.
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L i b b y , M o n t a n a F A Q s

Q. Why has Libby, Montana, been in the news?
A. From the 1920s to 1990, vermiculite, a material used in building insulation and as a soil conditioner,
was mined in Libby, Montana. Unfor tunat e ly , the vermiculite from the Libby mine was contaminated
with a form of naturally occurring asbestos called tremolite-actinolite. Exposure to asbestos can cause
lung cancer and a cancer of the lung lining called mesothelioma. Libby-area residents, those who had
worked in the Libby mine, and those who processed the vermiculite in other locations showed
abnormal rates for cancer and other i l lne s s e s related to asbestos exposure.
Q. How did EPA become involved!
A. In response to local concern and news articles about asbestos-contaminated vermiculite a f f e c t i n g
the health of local residents, the U.S. Environmental Protection Agency, Region 8 sent an Emergency
Response Team to Libby, Montana, in late November 1999. EPA was concerned about area residents
being exposed to airborne asbestos and breathing in the tiny fibers. The Team immediately began
assessing the situation and co l l e c t ing information.
Q. What has been EPA's first priority at the site?
A. EPA's first priority was to determine if there was a current risk to public health from
asbestos-contaminated vermiculite in Libby and, if there was, to take the necessary actions to reduce or
eliminate these risks.
Q. What has happened at the site so far?
A. In conjunction with other local , state and federal agencies, some of the actions taken at Libby
include:
• Conducting a medical testing program for p e op l e who lived or worked in the Libby area during

the time the mine was in operation;
• Conducting environmental sampl ing to deve lop a better understanding of patterns of exposure;



• Working with other involved agencies to recommend actions that can be taken to limit further
exposure to asbestos and to mitigate or prevent adverse health e f f e c t s ; and

• Providing residents comple te and current information on asbestos-related health risks. Work
with area physicians and other medical pro f e s s i ona l s to h e lp them obtain up-to-date information
on the diagnosi s and treatment of asbestos-related diseases.

Q. What has EPA done specifically?
A. EPA is the lead agency for environmental sampling in Libby. In December 1999 the EPA team
collected nearly 700 samples (air, soil, dust, and insulation). The s e samples were co l l e c t ed from area
homes, businesses, and publ i c bui ldings in Libby. EPA also in s ta l l ed air monitors at four locations in
Libby, including the mine site, and read measurements from January-October 2000.
In January 2000, EPA released some air sample results. The results from two of the former vermiculite
processing areas showed asbestos f i b e r s present. In addi t ion, two of the 32 home sample s showed
asbestos f i b er s , but only one was associated with the Libby mine. At these four sites, EPA insti tuted
action to eliminate the source of exposure, reducing or eliminating any current risks to human health.
In March 2000, EPA col lec t ed more soil, dust, and insulation samples from area residences. EPA also
re-analyzed the indoor air samples from 32 homes and three businesses to determine if lower
concentrations of asbestos f iber s were present. T e s t results showed that two of those homes had f i b e r s
associated with the Libby mine. EPA inst i tuted action to reduce or eliminate the source of exposure at
those two homes. The result s from the dust sample s showed one home with f i b er s associated with the
Libby site. The insulation samples showed that three of the homes had insulation with a f i b er content of
1-2 percent. S o i l samples showed that two of the homes had soil with f i b e r content of 1.5-2 percent.
Q. What are the other agencies, besides EPA, that are involved in this response action?
A. EPA is working c lo s e ly with local , state, and other federal agencies, including: the City of Libby;
Lincoln County Commissioners and the Department of Environmental H e a l t h ; the Montana Department
of Environmental Quality (DEQ); the Montana Department of Public H e a l t h and Human Services
(DPHHS); and the federal Agency for T o x i c Substances and Disease Registry (ATSDR).
Q. What other concerns does EPA have about the Libby, Montana, site?
A. EPA is concerned about the health issues seen in p e o p l e with l i t t l e or no association with the
vermiculite mine in Libby. EPA, along with ATSDR, is working c lo s e ly with local , state, and other
f ederal agencies to understand how these p e o p l e have come into contact with asbestos-contaminated
material and what can be done to prevent future expo sure—in Libby and elsewhere.
Q. What are EPA's next steps at Libby?
A. EPA began additional sampling in Libby the week of March 5, 2001. Like the f ir s t round, this
sampl ing e f f o r t seeks to obtain information of the level of asbestos f i b er s that occur in the air inside
people's homes. T h i s is done using stationary air samples , which r e f l e c t the average asbestos level in
the house. At this time, EPA will also collect personal air samples , r e f l e c t i n g what a person actually
breathes. T h i s next e f f o r t will take approx imate ly three months to complete.



A s b e s t o s H e a l t h E f f e c t s
A fac t sheet by_ _ _ _ _ _ _ _ _ _ _ _ _ C a l / E P A ' s O f f i c e o f Environmental H e a l t h H a z a r d Assessment_____________

A sbestos is the common name for a group of na tura l ly occurring f i b r o u s s i l i ca t eminerals that can separate into thin but strong and durable f i b e r s . Asbe s to s d e p o s i t sare located in many parts of Cal i f ornia and are commonly associated with serpentine.
Asbe s to s is c l a s s i f i e d as a known human carcinogen by s ta t e , f e d e r a l , and international
agencies. Asbestos was i d e n t i f i e d as a Toxic Air Contaminant in 1986 by the Air ResourcesBoard.
The principal forms of asbestos include chrysotile, croc ido l i t e , amosite, tremoli te , ac t inol i t e ,and a n t h o p h y l l i t e . All but chryso t i l e are c l a s s i f i e d as amphibo l e s , which tend to have a thin,n e e d l e - l i k e appearance. C h r y s o t i l e breaks into curly f i b e r s .
Asbe s t o s f i b e r s can cause hea l th p r o b l e m s i f inhaled. W h e n asbestos f i b e r s becomeairborne, they can be inhaled d e e p into the lung. Many f i b e r s d e p o s i t e d in the lung areretained there for l o n g p e r i o d s of t ime, others may be t rans lo ca t ed to other part s of the body
(e.g., the l in ing of the lung and abdomen), and others are c o m p l e t e l y c l eared, a lbe i t slowly.The f i b e r s can cause chronic local i n f l a m m a t i o n and
d i s rup t orderly cell d ivi s ion, both of which can f a c i l i t a t e A s b e s t o s isthe d e v e l o p m e n t of asbe s to s i s and cancer. T h u s , c l a s s i f i e d as ainhalation of asbestos f i b er s can initiate a chain of events know h u m a nre su l t ing in cancer or other asbe s to s-re lated i l l n e s s , which .may not become a p p a r e n t for years, even long a f t e r the c a r c i n o g e n Dyexposure has ended. s t a t e , f e d e r a l , andi n t e r n a t i o n a l
Most of the in f ormat i on on heal th e f f e c t s comes from a g e n c i e s .studies of workers exposed regularly to high levels ofasbestos. In occupational s e t t ing s all f o r m s of asbestoshave been shown to cause asbestosis, lung cancer and mesothelioma. Asbe s to s i s is anoncancerous lung disease involving d i f f u s e f i b r o t i c scarring of the lungs. Persons withasbestosi s can experience progress ive shortness of breath. Lung cancer is associated withasbestos exposures; c igaret t e smoking and asbestos exposure m u l t i p l y the risk of lung cancerbeyond that caused by exposure to either of these materials s eparat e ly . M e s o t h e l i o m a is anincurable cancer of the l in ing of the chest cavity and abdomen.
P e o p l e have been exposed to asbestos by l iv ing with asbestos workers or l iv ing in thevicinity of asbestos mines and fa c t or i e s . P e o p l e exposed to asbestos in such non-occupational settings have also had asbestos-related diseases including cancer. Whi l e mostasbestos-associated cancers are related to the in t en s i ty and duration of exposure, report s inmedical j o u r n a l s have l inked some mesotheliomas to short exposure per iod s , on the order ofmonths. Even in these cases, however, usually many years (20 years or more) elapse
between the time of ini t ial exposure to asbestos and the d e v e l o p m e n t of mesothelioma. Ina d d i t i o n , there are repor t s of markedly elevated meso the l ioma rates in p o p u l a t i o n s l iv ing in



areas in Greece, Turkey and New C a l e d o n i a with subs tant ial quantit ies of t r emol i t e in so i l ,p a r t i c u l a r l y among ind iv idua l s who used t r emol i t e asbestos to whitewash their homes,result ing in subs tantial exposure. T h e s e p o p u l a t i o n s had ongoing low-level as well asepisodic high-level exposures to tremolite.
T h e r e are some data that ind i ca t e a m p h i b o l e f orms of asbestos are more po t en t than
chrysot i l e in inducing mesothe l ioma (but equ ipo t ent in induc ing lung cancer). However, the
data do not allow conclusive s ta t ement s in this regard. Chryso t i l e and t r e m o l i t e f o rmsf r e q u e n t l y occur together. Since many fac tor s impact the potency of asbestos, the
q u a n t i f i c a t i o n of risk is inexact and at the present time all f orms of asbestos are treated inrisk assessment as equal ly po tent carcinogens for both lung cancer and mesothelioma.
Asbe s t o s was used in many household and b u i l d i n g produc t s in the past. In part because of
this indiscriminate d i s p e r s a l of asbestos in the human environment in past years, it iscommon to f i n d hundreds of thousands to mi l l i on s of f i b e r s in human lungs. G e n e r a l l ythose with heavy exposures have greater asbestos lung burdens. For e x a m p l e , lung tissuetaken f r o m pa t i en t s with meso the l ioma o f t e n contains over a m i l l i o n f i b e r s per gram oftissue.
"Background" rates of mesothel ioma for the general p o p u l a t i o n in the Uni t ed S t a t e s withminimal exposure to asbestos are about 1 to 2 cases per 1 m i l l i o n p e o p l e , though in
communities in which there has been subs tant ia l oc cupat ional exposure such rates may be
s e v e r a l - f o l d higher. Background rates for lung cancer are higher mos t ly due to smoking.Asbe s t o s i s is general ly associated with occupational exposures but non-occupational
exposures , p a r t i c u l a r l y to household contacts of p e o p l e working in the indus try, have
resul ted in asbestosis.
For ind iv idua l s l iving in areas of na tura l ly occurring asbestos, there are many po t en t ia l
pathways for airborne exposure. Exposure s to soil dust containing asbestos can occur undera variety of scenarios, i n c l u d i n g c h i l d r e n p lay ing in the d i r t , dust raised f r o m unpaved roadsand driveways covered with crushed s e rpen t ine , uncon tro l l ed quarry emissions, grad ing andconstruction associated with d e v e l o p m e n t of new housing, gardening and other humanactivities. For homes buil t on asbestos ou t c ropp ing s , asbestos can be tracked into the home
and can also enter as f i b e r s su spended in outdoor air. Once such f i b e r s are indoors, they canbe re suspended by normal household act ivi t ie s , such as vacuuming (as many f i b e r s wills i m p l y pass through vacuum cleaner bags).
The general pub l i c exposed to low levels of asbestos may be at elevated risk (e.g., abovebackground rates) of lung cancer and mesothelioma. The risk is p r o p o r t i o n a l to thecumulative inhaled dose (number of f i b e r s ) , and also increases with the time since f i r s t
exposure. A l t h o u g h there are a number of f a c t o r s that i n f l u e n c e the disease-causing po t encyof any given asbestos, such as f i b e r l e n g t h and width, f i b e r t y p e , and f i b e r chemistry, all
forms are carcinogens, and exposure should be minimized. The Air Resources Board hasin f ormat i on on asbestos, inc lud ing ways to reduce exposure, on its Web page at
www.arb.ca.gov/toxic s /asbe s to s .htm.

O f f i c e o f Environmental H e a l t h Hazard Assessment
10011 S t r e e t • P.O. Box 4010 • Sacramento , CA • 95812916-324-7572 . www.oehha.ca.gov
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Mass.W.R. G r a c e / Z o n o l i t e Site
Cambridge, Massachu s e t t s
May 8, 2001
I n t r o d u c t i o n
The W.R. G r a c e / Z o n o l i t e site covers 27 acres in a
densely popu la t ed city neighborhood of downtown
Cambridge, Mass. The site contains a wetland, a The epace Z o n d i t e site j s located jn an urban s e t t inglarge pond, a large recreational f a c i l i t y maintained i n downtown C a m b r i d g e , Mass., across the Charle s
by the City of Cambridge, manufacturing buildings^iver f r o m Boston, and less than one m i l e f r o m
and paved parking areas. It is currently the Harvard Univer s i ty .
headquarters of Grace Construction Products.
Other densely popu la t ed areas nearby include the subway, recreational f i e l d s , and residential areas on
three sides of the site.
The main contaminant of concern is asbestos. Asbestos contamination was suspected in surface soils in
and around the site's paved publ i c access, the entry to the Boston s u b w a y ' s Red Line A l e w i f e station,
one of the site's operating bui ld ings , and the adjo ining recreational f a c i l i t i e s , which include f o o t b a l l and
baseball f i e l d s . EPA conducted sampling in Spring 2001 and determined there was no threat to human
health and the environment at the site.
Site Background
Portions of the site have been in industrial or commercial use since the 1800s. Past activities on the site
have included clay mining, brick production, chemical production, lumberyard and railroad operations,
and ice cream production. The primary products of W.R. Grace and the company it merged with,
Dewey and Almy Chemical Co., were rubber product s , can-sealing compounds, gaskets, latex sealants
and adhesives, silicone sealants, air-entraining agents for concrete, S o d a S o r d , and sodium napthalene
su l f ona t e ( D A X A D ) . According to a report from W.R. Grace, asbestos may have been used in the
development of brake-linings and for research on f i r e p r o o f i n g materials. Production levels of these



chemicals are unknown. In the early 1980s, the Boston Metropo l i tan Bay Transpor ta t ion Authority
removed material from a chemical di sposal lagoon and di sposed of it in the Kingston, Mass., l a n d f i l l ,
before constructing the s u b w a y ' s Red Line across the site.
There is no information about how many p e o p l e have worked on the site in the pas t , but there are
currently approximate ly 200 p e o p l e working in the industrial o f f i c e space near the site.
S i t e I n v e s t i g a t i o n and C l e a n u p Act iv i t i e s
EPA performed a Preliminary Assessment in 1985, a Si t e Inves t igat ion in 1989. On April 3, 1990,
EPA determined there was no threat to human health and the environment at the site and no fur ther
remedial action was planned. In S p r i n g 2001, EPA reassessed the site, in cooperation with the
Massachuset t s "Superfund," or 21E program. The results of sampl ing showed there was no surface
contamination and EPA concluded that no further action is required under the Federa l S u p e r f u n d
program.
Communication and Outreach Activ i t i e s
EPA issued a press release prior to sampling the site in early Sept ember 2000, and conducted a
meeting with the A l e w i f e S t u d y Group, a local ci t izens' group, to upda t e them on activities regarding the
site. EPA's community involvement personnel were also at the site when sampl ing began. The results
of the sampling were announced in another press release and publ i c meeting in spring 2001.
Other Involved Parties
Stakeho lder s at the state level include MA DEP, which is actively involved through the 21E program.
On the local level, the Cambridge Public H e a l t h All iance has the re spons ib i l i ty for implementing the city
asbestos ordinance. The A l e w i f e S t u d y Group, also is involved with site activities. The local and
national news media have expressed repeated interest in the contaminated site.
For More I n f o r m a t i o n
Mary El l en Stanton
On-Scene Coordinator
EPA New England
One Congress Street
Sui t e 1100 (HBR)
Boston, Massachusett s 02114-2023
( 6 1 7 ) 9 1 8 - 1 2 5 6
Stanton.Maryel l en(a),epa. gov
James Murphy



Community Involvement Coordinator
EPA New England
One Congress Street
Suite H O O ( R A A )
Boston, Massachuse t t s 02114-2023
( 6 1 7 ) 9 1 8 - 1 0 2 8
murphy.iamesfatepa. gov
Jack Miano
Environmental Engineer
Massachuset t s Department of Environmental Protection
Metropo l i tan Bos ton/Northea s t Regional O f f i c e
205A Lowell Street
Wilmington, MA 01887
(978)661-7734
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Mass.

The Z o n o l i t e Company/Grace Eas thampton site is
located in a r e s id en t ia l neighborhood in western
Massachuse t t s , j u s t west of 191, near the towns of
Amherst and N o r t h h a m p t o n .

W.R. G r a c e / Z o n o l i t e S i t e
Eas thampton, Massachus e t t s
March 24, 2001
I n t r o d u c t i o n
In May 2000, the Massachusett s Department of
Environmental Protection (MA DEP) conducted an
assessment of the W.R. G r a c e / Z o n o l i t e site
located in Easthampton, Mass., and determined
that vermiculite dumped on the site contained
asbestos. For approx imate ly 30 years, Grace
Construction Products , a subsidiary of W.R.
Grace and Co., manufactured Zono l i t e and Monokote which are commercial vermiculite insulation
products. The vermiculite insulation contained tremolite asbestos which may pose a potential human
health threat.
The U . S . Environmental Protection Agency (EPA) worked with the MA DEP to complete a sampling
survey at the site. As a result of this investigation, MA DEP determined that the onsite waste dumping
of vermiculite contaminated the onsite surface soil with asbestos. MA DEP will not be conducting the
actual remediation activities at the W.R. Grace /Zono l i t e site, however, they will take the lead for
ensuring that any necessary cleanup activities do occur.
S i t e Background
The 600-foot by 200-foot site was farmland until the early 1960s, when it was deve loped for
commercial and industrial use. Half of the site is covered by a warehouse bui lding, which used to be
the Grac e /Zono l i t e manufacturing f a c i l i t y , and pavement. The other hal f of the site is a wooded section
of land that recently has been par t ia l ly cleared. The manufacturing building is approximately 1,000 feet
from residential houses.



From approx imate ly 1963 through 1992, Grace Construction Products operated at the site under lease
from its current owner, Oldon Limited Partnership, located in Agawam, Mass. During that time, local
residents in nearby neighborhoods complained about dust generated by production. In the 1980s,
Grace Construction Products responded to the community complaints by in s ta l l ing dampening measures
to control the dust. A l s o during that time, most of the vermiculite waste was taken to a local l a n d f i l l ,
which has since been capped. However, at least 1,000 cubic yards of vermiculite waste was dumped
onsite. Before Grace Construction Products vacated the f a c i l i t y in 1992, the company cleaned the
inside of the production building. S a m p l e s in early 2000 by an asbestos f irm did not reveal the
presence of asbestos in the building. IPS Elasomerics currently leases the proper ty for material
storage.
The W.R. G r a c e / Z o n o l i t e site and its cleanup are of particular interest to the state because
Massachuset t s has provided f u n d i n g to construct a bike path on a former railroad right-of-way that
p a r a l l e l s the property. Other sections of the bike path already have been bui l t , but construction has
been delayed along the section near the W.R. Grace /Zonol i t e site because of the potential human health
threat. Construction will not resume on this section of the bike path until next year, when any necessary
cleanup measures are completed and the site is deemed safe.
S i t e I n v e s t i g a t i o n and C l e a n u p Activi t i e s
In May 2000, MA DEP, with assistance from E P A , completed an assessment of the W.R.
G r a c e / Z o n o l i t e site and confirmed the presence of tremolite asbestos in the wooded area of the site as
well as along part of the right-of-way. In early Fall 2000, MA DEP also tested the areas between the
f a c i l i t y , up to the property line of the surrounding residential propertie s . The tests showed no evidence
of asbestos contamination spreading from the f a c i l i t y to the boundary of the residential areas. As a
result of the t e s t s , no further t e s t ing has been done in the residential area.
In compliance with state law, W.R. Grace is investigating the site in order to develop a s p e c i f i c cleanup
plan. T h i s plan is expected to be implemented in Summer 2001. The state will not be involved in the
decision on how to cleanup the site; however, the action taken must achieve a permanent solution, or
result in tests showing "no s igni f i cant risk." The state is operating under MA Chapter 21E of the
General Law, MA Contingency Plan ( M C P ) , 310.CMR.40. According to state personnel, there are
no fore seeable enforcement actions at this time.
EPA's future involvement at the Easthampton site will depend on the cleanup plan developed by W.R.
Grace.
Communications and Outreach
MA DEP conducted a publ i c meeting in Easthampton on Dec. 12, 2000, to explain the results of its
sampling. MA DEP regularly meets with the mayor of Easthampton and other local o f f i c i a l s to inform
them of recent activities associated with the site.



Other Involved Parties
At the local l eve l , the citizens of Easthampton, MA are concerned about the overall wel fare of their
community and about delays in completion of the bike path f o l l o w i n g the old railroad track.

For More I n f o r m a t i o n
Gilber to Irizarry
On-Scene Coordinator
EPA New England
One Congress Street
S u i t e 1100 (HER)
Boston, MA 02114-2023
( 6 1 7 ) 9 1 8 - 1 2 5 5
irizarrv.gilberto(%epa.gov
Alan Weinberg
Deputy Regional Director for The Bureau of Waste S i t e Cleanup
Massachuset t s Department of Environmental Protection
436 Dwight Stree t
S p r i n g f i e l d , MA 01103
(413) 755-2220
alan.weinberg@state.ma.us



U . S . Environmental Protec t ion Agency
Carborundum-Unifrax Site
Niagara F a l l s , New York
March 26,2001
Introduc t ion
A 1953 U.S. Bureau of Mines (BOM)
circular l i s t ed a domestic vermiculite
e x f o l i a t i o n / e x p a n s i o n p lant located in
Niagara F a l l s , N.Y. and operated by
Carborundum Corp. T h i s site was added to
t h e U.S. Environmental Protection Agency' s
(EPA) li s t of sites to investigate for potent ial
asbestos contamination as a result of the
vermiculite ex fo l ia t i on process.

g^"^ New

The C a r b o r u n d u m - U n i f r a x site is located in an i n d u s t r i a l
area of downtown Niagara Falls , N.Y.

EPA Region n has been unable to locate the e x f o l i a t i o n f a c i l i t y or any areas in Niagara Falls
where asbestos-contaminated waste may have been di spo s ed . It is a s igni f i cant chal lenge to
i d e n t i f y waste sites in this area because the plant has been out of operation for more than fifty
years. The EPA On-Scene Coordinator (OSC), however, did locate two former Carborundum
Corp. f a c i l i t i e s in Niagara F a l l s . The f i r s t f a c i l i t y , Saint Gobain/Carborundum, is a ceramics
f a c i l i t y . The second f a c i l i t y , U n i f r a x , uses vermiculite ore for production of a ceramic f i b er
paper. EPA investigated these two f a c i l i t i e s and currently, is taking addit ional s teps to obtain
information on the location of the alleged ex f o l ia t i on plant.
S i t e Background
Evidence gathered from the BOM circulars indicates that Carborundum Corp. operated a
vermiculite ex fo l ia t ion plant in Niagara F a l l s from the early 1950s until the early 1960s.
Vermiculi te expansion is the process of heating vermiculite ore, usual ly in a dry kiln at 2,000
degrees Fahrenheit, until the water trapped in the crystall ine matrix of the vermiculite boi l s and
expands the material by a fa c t or of 10 to 15. T h i s product is sold commercially.



EPA's discussions with senior Carborundum employees and a review of Sanborn maps of this
area during this t imeframe does not reveal additional information on the po s s i b l e location of this
f a c i l i t y . The Carborundum Corp. has been s p l i t up and sold to various companies over the last 25
years. Saint Gobain/Carborundum st i l l maintains the ceramics division on B u f f a l o Avenue in
Niagara F a l l s . Visual inspections of the area by the OSC revealed that many of the old
Carborundum bui ld ings at this location are being demolished or are vacant.
Around 1994, Unifrax purchased the f ibers division of the Carborundum Corp. located on
Whirlpool Street in Niagara F a l l s . Uni frax uses vermiculite ore for production of a ceramic f iber
paper that is used in catalyt ic converters as a dampener and insulator around the honeycomb core
material. The operation is conducted indoors and personal protect ive equipment is used when
appropriate (i.e., chamber loading). Uni f rax also utilizes dust col lect ion equipment in the
chamber loading area. U n i f r a x indicated that they currently purchase the raw vermiculite ore
from China, but in the past had purchased some vermiculite f rom W.R. Grace Co.'s mine in
Enoree, S.C.
S i t e Inves t igat ion and Cleanup Activi t i e s
The EPA OSC conducted an initial inspection of the Carborundum location on B u f f a l o Ave. on
June 13-14,2000. The results of the investigation did not indicate that a vermiculite expansion
plant had operated at this location.
In regard to the Uni frax operation, the EPA OSC interviewed the Uni frax vice president of
technology. U n i f a x stated that the vermiculite process is confined within the building structure.
Since there is no release to the environment (to ambient or outside air), the facility's operation
does not appear to be covered under the Comprehensive Environmental Response,
Compensation, and Liabi l i ty Act (CERCLA). EPA will refer the site to OSHA for a f o l l o w - u p
inspect ion to assess whether site activities comply with OSHA's asbestos regulations.
EPA sent a CERCLA Section 104(e) information request to Carborundum Corp. o f f i c i a l s to
obtain information on vermiculite ex fo l ia t ion operations in Niagara F a l l s in an attempt to locate
the former f a c i l i t y and any areas where waste product s may have been di sposed. EPA will
determine whether additional f o l l o w - u p actions are needed a f t er receiving the response to the
information request.
Other Involved Parties
EPA is currently unaware of any actions being conducted by local , county or state o f f i c i a l s .



For More I n f o r m a t i o n
Michael Ferr io la
On-Scene Coordinator (OSC)
Response and Prevention Branch
Emergency and Remedial Response Division
(732) 321-4342
f e r r i o la .mi chae l@epa .gov



SEPA U . S . Environmental Protect ion Agency
G e o r g i a - P a c i f i c / F l i n t k o t e Corp.
Camden, New J e r s e y
December 18, 2000
Introduct ion
The U . S . Environmental Protection Agency (EPA) iden t i f i ed the
G e o r g i a - P a c i f i c / F l i n t k o t e Corp. property as a site with a potential for
asbestos contamination a f t e r W.R. Grace Co. included the site on its
list of "licensees" and "industry" partners, which was submitted in
response t o EPA's Comprehensive Environmental Response, The Georgia
Compensation, and Liabi l i ty Act (CERCLA) section 104(e) Paci f i c / F l i n t k o t e site in
information request. At the G e o r g i a - P a c i f i c / F l i n t k o t e site, Georgia- Camden, New J e r s e y is
Pac i f i c currently operates a sheetrock manufacturing f a c i l i t y that uses l o c a t e d in an i n d l J s t r i a l area

gypsum and vermiculite in its processes. The vermiculite used comes
from a W.R. Grace mine.

on the Delaware River.

EPA conducted an investigation of the site in June 2000, and concluded that no fur ther Agency actions
were necessary. EPA referred the U . S . Occupational S a f e t y and Heal th Administration (OSHA) to the
site to conduct a f o l l o w - u p inspection to assess if the operation is in compliance with OSHA's asbestos
regulations.
S i t e Background
The G e o r g i a - P a c i f i c / F l i n t k o t e site is located in an industrial area of Camden, N.J., bordering the
Delaware River. In 1962, Fl in tko t e constructed a plas t er and wallboard manufacturing f a c i l i t y on the
property. F l i n t k o t e sold the property to Genstar in 1982. Genstar continued to operate the same type
of business. However, Domtar acquired the gypsum assets of Genstar in 1987. In Apri l 1996,
Georgia-Pacific Gypsum Co. bought the gypsum assets of Domtar and continues to produce gypsum
wallboards on the site. An estimated 90 p e o p l e are employed by Georgia- P a c i f i c at this location.



Georgia-Paci f i c uses vermiculite-purchased from the W.R. Grace mine in Enoree, S.C.-to produce a
product called "Fireguard C," which is a f i r e p r o o f , ha l f- inch sheetrock. The raw vermiculite ore,
purchased in 50-pound bags, is placed in a mixer with gypsum pla s t er to form a slurry. The slurry
mixture is the basis for the "Fireguard C" product. T h i s product line is approx imat e ly two percent of
the overall production at the p lant .
Through an interview with the p lant manager, EPA learned that all operations that u t i l i z e vermiculite are
conducted indoors. When personnel are handl ing the bags of vermiculite, Georg ia-Pac i f i c instructs
them to wear respiratory protection.
S i t e Inve s t i ga t i on and C l e a n u p Act iv i t i e s
EPA conducted a site inspection of the f a c i l i t y on June 9, 2000, and concluded that since there is no
release to the environment, no fur ther CERCLA actions are necessary. EPA referred the site to
OSHA for any f o l l o w - u p investigation.
Other Invo lved Parties
EPA is unaware of any actions being conducted by lo ca l , county or state o f f i c i a l s .
For More I n f o r m a t i o n
Michael Ferrio la
EPAOn-Scene Coordinator ( O S C )
Response and Prevention Branch
Emergency and Remedial Response Division
(732) 321-4342
ferriola.michael@epa.gov



l i f e
SEPA U . S . Env ironmenta l Pro t e c t i on A g e n c y

Celo t e x S i t e
Edgewater, New J e r s e y
May 8, 2001
I n t r o d u c t i o n
The Celo t ex Corp. site in Edgewater, N.J. was i d e n t i f i e d by W.R.
Grace Co. in its submitted list of "licensees" and "industry" partners
in response to the U . S . Environmental Protection Agency's ( E P A )
Comprehensive Environmental Response, Compensation, and
L i a b i l i t y Act ( C E R C L A ) section 104(e) information request. EPA
was concerned about the potent ia l impacts on human health as a Tne C e l o t e x site in Edgewat er ,
result of the presence of vermiculite in a l a n d f i l l at the Celotex site. N.J. \s located on the H u d s o n
Based on this po t ent ia l threat, EPA conducted a sampl ing River in a heavy i n d u s t r i a l area
investigation for asbestos. The New Jer s ey Department of north-west of New Y o r k C i t y .
Environmental Protection (NJDEP) also was concerned about the
potential for asbestos contamination. T h e y issued an administrative order on consent ( A O C ) to
Edgewater Enterprises, LLC., the developers of the property, requiring the proper closure of the
l a n d f i l l .
S i t e Background
The Celotex site is located in a former heavily industrialized area of Bergen County adjacent to the
Hudson River. T h i s area currently is undergoing a major revitalization with the building of apartment and
condominium complexes, shopping malls, and movie theaters along the river.
The Ce lo t e x proper ty is bordered by the H u d s o n River to the east, River Road to the west, a
residential area to the north and the Quanta Edgewater National Priorities List (NPL) site to the south.
Celotex Corp. manufactured various building materials including sheet rock and ceiling t i l e s .



W.R. Grace sh ipped vermiculite ore to Ce l o t e x from its vermiculite mine in Libby, Mont., according to
W.R. Grace records. Celo t ex di sposed of gypsum debris and production waste, including the
vermiculite, at the onsite l a n d f i l l adjacent to the H u d s o n River.
S i t e I n v e s t i g a t i o n and C l e a n u p Act iv i t i e s
On April 4, 2000, EPA conducted a site visit and sampl ing inspection at the former Celo t ex Indus tr ia l
Park gypsum l a n d f i l l to determine the presence of asbestos. The Agency col l ec ted twelve discrete grab
sample s (mos t ly surficial grab samples and a few at approx imate ly one f o o t d e p t h ) of exposed gypsum
material and surrounding soils. The samples co l l e c t ed at one f oo t d ep th were taken from holes
previously dug by landscapers for the p lan t ing of trees. EPA also co l l ec t ed one sample from an erosion
channel on the s l ope of the storm water retention basin. The samples were analyzed using Polarized
Light Microscopy (PLM) method and Transmiss ion Electron Microscopy (TEM) method.
EPA's Environmental Response Team issued a f inal report on June 2, 2000, indicating that six of
twelve samples revealed asbestos f i b er s (as indicated by TEM) and one sample (as indicated by PLM)
revealed 25 percent chrysotile, which is a type of asbestos f i b e r that is in used bu i ld ing materials. The
sample which contained chrysotile was found on an old abandoned pier to the south of the gypsum
l a n d f i l l . T h i s material appeared to be crumbled pieces of transite s iding board that were severely
deteriorating. EPA forwarded the f inal report to NJDEP.
Edgewater Enterprise is p lac ing a two-foot clay cap over the contaminated gypsum l a n d f i l l , where most
of the contamination is non-hazardous solid waste, and the asbestos contamination is less than 1
percent. The cleanup should be comple ted by Fall 2001. The construction is done under the terms of
an AOC issued under S t a t e cleanup regulations, including the New J e r s e y Statutory Author i ty (NJSA
1 3 : I B - 1 ) and the New Jersey P o l l u t i o n Control Act , s p e c i f i c a l l y the New Jers ey Clean Water Act II
( 5 8 : 1 0 A - 1 ) . NJDEP is overseeing the closure of the l a n d f i l l and the in s ta l la t i on of pavement or brick
over the remainder of the site. In addit ion, under their permit for waterfront deve lopment , Edgewater
Enterprise has constructed a storm water retention basin.
Other Involved Parties
Land developer Edgewater Enterprise, L L C . and their subsidiary, River Road will conduct all cleanup.
EPA and NJDEP will continue to be involved with any further developments at the site. Concerned
area residents also are l i k e ly to remain involved with the site cleanup.



For More I n f o r m a t i o n
Michael Ferr io la
EPA On-Scene Coordinator (OSC):
Response and Prevention Branch
Emergency and Remedial Response Division
(732)321-4342
ferriola.michael@epa.gov

Bob Hayton
New Jersey Department of Environmental Protection (NJDEP)
Site Remediation Program
P.O. Box 028
401 East S t a t e Street
Trenton, NJ 08625-0028
(609)633-0744
rhayton@ep.state.nj .us



SERA U.S. Env ironmen ta l Prot e c t i on A g e n c y
Virginia Vermicul i t e Mine
Louisa, Virginia
March 26, 2001
I n t r o d u c t i o n
Virginia Vermiculite Mine, Ltd. owns and operates a
mine in a rural residential area of central Virginia
approx imate ly 20 miles northeast of Char lo t t e sv i l l e . The The V i r g i n i a V e r m i c u l i t e Mine in
mine produces raw vermiculite for use in o f f - s i t e Loui sa , Va., is located on S t a t e Road 22
manufacturing processes and was id en t i f i ed by EPA as a in rurd area of central V i r 9 i n i a

site to be investigated for potent ia l asbestos
contamination. The Mine S a f e t y and H e a l t h Admini s tra t ion (MSHA) and the U.S. Environmental
Protection Agency (EPA) have conducted asbestos sampl ing on the proper ty and in the nearby
community, respectively, to determine if there is a health threat posed by mine operations. As a result
of this sampl ing, EPA has determined that there is no threat of o f f - s i t e contamination and no further
sampling or other action is warranted at this time. MSHA will continue to monitor the conditions at the
mine.
S i t e Background
In the late 1970s, Virginia Vermiculi te Mine, Ltd. purchased thel5-acre to 20-acre property in Louisa,
Va., from W.R. Grace Co. Virginia Vermiculite subsequently deve loped the mine during the 1980s.
The company mines various grades of vermiculite and se l l s it for o f f - s i t e processing.
The Virginia Vermiculite property consists of the former mine, processing f a c i l i t y ; and a smaller active
mining area. The two mine areas are separated by a wetland, and accessed from Virginia Stat e Road
22. There are approximately six homes within one half mile of the site.



MSHA has been taking samples on the property annually or bi-annually for 20 years. Though EPA
does not have documentation on how many p e o p l e have worked at the mine hi s tor ical ly, currently,
Virginia Vermicul i t e employs 20 to 30 p e o p l e at this site. There are known tremolite asbestos veins in
the mine which are considered to be i n s u f f i c i e n t in concentration to be released o f f - s i t e or pose a health
threat. Mine operators have h i s t or i ca l ly worked around these veins.
S i t e I n v e s t i g a t i o n and C l e a n u p Activ i t i e s
In August 2000, MSHA conducted bulk and air sampling at the Virginia Vermicul i t e site and
subsequently released results showing asbestos in the ore and air onsite at l eve l s above 0.1 f iber s per
cubic centimeter. The information was reported in the local news, suggesting the mining operations may
pose a heal th risk to the local publ i c and the workers onsite. A f t e r w a r d s , MSHA called EPA and
asked for support and cooperation in j o i n t l y inves t igat ing the site for potential asbestos contamination.
MSHA's August sampl ing resul t s were the f i r s t to show the p o s s i b i l i t y o f asbestos contamination.
The EPA on-scene coordinator (OSC) assessed the site on Oct. 11-12, 2000 and again on Nov. 27-
28, 2000. During the assessment, the OSC met with the Virginia Vermicul i t e plant manager and toured
the proper ty , inc luding the process ing f a c i l i t y and the surrounding area, to evaluate sampl ing locations
for potent ial o f f - s i t e migration of asbestos-contaminated part i culate s . The OSC also met with several
local proper ty owners, one of the mine's waste haulers, and the Louisa County Public Works director,
who provided copies of analytical te s t s that were conducted by the County's consulting engineers and
which indicated non-detection of asbestos in the material received at the l a n d f i l l .
From Dec. 4-6, 2000, EPA took dust sample s from residences in the immediate vicinity, and
background samples from the publ i c road and other areas in front of the mine. No asbestos was found
in any of the samples. As a result, EPA has determined there is no threat to human health and the
environment and no further action is required under the Comprehensive, Environmental Response,
Compensation, and L i a b i l i t y Act.
However, MSHA plans to conduct additional te s t ing at the site within the workplace. The OSC will
continue to monitor MSHA's sampl ing e f f o r t s and assist them upon request.
Communication and Outreach Activi t i e s
Local news coverage has focused on the Green S p r i n g National H i s t o r i c Landmark District, which is an
organization that oppose s the mining operation, and on the various l i t iga t i on e f f o r t s against Virginia
Vermicul i te over the continued operation of the mine.
Other Involved Parties
MSHA will continue to perform onsite sampling. The Green S p r i n g National H i s t o r i c Landmark
District and other concerned citizens have been, and are l ikely to remain, involved in l i t igat ion with
Virginia Vermiculite.



For More Informat i on
Mike Zickler
On-Scene Coordinator
U S E P A Region 3 ( 3 H S 3 1 )
1650 Arch Street
P h i l a d e l p h i a , PA 19103-2029
(215) 814-2792
zickler.michael(o) /epa.gov



SEPA U . S . Env ironmenta l Pro t e c t i on A g e n c y
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The W.R. Grace W i l d e r P l a n t i s l o cated in
a f l a t , open f i e l d a t th e northern t ip o f

Zonol i t e Co./W.R. Grace S i t e
W i l d e r , Kentucky
May 7, 2001
I n t r o d u c t i o n
The Zono l i t e Co./W.R. Grace Plant in W i l d e r , Ky.,
contains areas of heavy asbestos-contaminated residue as
a result of vermiculite ore processing. The site is a f l a t ,

, 1 , • , t l i t 1 .1 • , l " 1 l k * ' / V M W I i i i*_*nj v* i i i i t * i iw i i P it-i i i i i k / w ivacant lot with trees and shrubs along the perimeter and ., . . . . ., , ., _,. , ,t o ^ K e n t u c k y , j u s t south of the Ohio borderthe south side of the site contains a steep edge with several^ th e c j t y o f C J n c i n n a t iareas of uncovered vermiculite. Asbes to s is the only
known contaminant. W.R. Grace is voluntarily conducting
a cleanup of the site under the direction of the state of Kentucky.
S i t e Background
The Zono l i t e Co. began processing vermiculite ore in 1953. In 1960, W.R. Grace bought the property
and continued processing vermiculite until the mid 1990s. During processing, the vermiculite ore was
placed into a rotating kiln, where it expanded. The vermiculite product was removed from the kiln and
used in f e r t i l i z e r s and as soil amendments, leaving behind asbestos-contaminated residue. T h i s residue
was loaded into dumpsters and di spo s ed of behind several bu i ld ing s on the property.
The present site owners, Harry Grau and Sons, refurbish petroleum product pumps at the site.
S i t e I n v e s t i g a t i o n and C l e a n u p Act iv i t i e s
W.R. Grace has voluntarily agreed to construct an engineered-cap for the site to protect against
airborne exposure to asbestos-containing material under Kentucky revised statute, KRS 224.01-400.
In summer 2001, W.R. Grace will submit a management plan for the site to the state.



EPA investigated the site in July 2000. The Agency requested that W.R. Grace conduct more sampling
to clearly d e f ine the outer l imit s of the asbestos contamination, and thus, to determine the size of the
cap. S a m p l i n g should be completed in late S p r i n g 2001, and the construction of the cap should begin in
Summer 2001. EPA will monitor W.R. Grace's progress in constructing the cap.
Other Involved Parties
The involved parties include EPA, the Kentucky Natural Resources and Environmental Protection
Cabinet, W.R. Grace, and the current property owners.
For More I n f o r m a t i o n
Art Smith
EPA Region 4
R o o m 2 1 6 K
Loui sv i l l e Federal Building
600 Martin Luther K i n g , Jr. Place
Loui sv i l l e , KY 40202
502-582-5161
502-582-5268 ( f a x )
smith. art@epa. gov
Tim Hubbard
S t a t e S u p e r f u n d Sec t ion Supervi sor
Kentucky Division of Waste Management
14 Reil ly Road
F r a n k f u r t , KY 40601
502-564-6716
tim.hubbard@mail.state.ky.us
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Robinson Insula t ion Co. Site
Minot, N o r t h Dakota
A p r i l 17, 2001
I n t r o d u c t i o n
Robinson I n s u l a t i o n Co. site, located in Minot, N.D.,
manufactured vermiculate insulation for almost 40 years. Th|
f a c i l i t y consists of two bui ld ings , which abut one another,
located on approx imate ly one to two acres of land. The s i t e ' S | o c a t e d on me to 2 Qcpes of |Qnd jnimmediate neighborhood includes other industrial and a commercial area of M i n o t , N.D.,
commercial f a c i l i t i e s , and residential homes are within a few which is j u s t south of the U n i t e d
blocks of the f a c i l i t y . The U.S. Environmental Protection S t a t e s and C a n a d i a n border.
Agency (EPA) inspected the site and found tremolite
asbestos. EPA considers this site a large scale cleanup p r o j e c t because of the amount of asbestos
contamination.
S i t e Background
The Robinson Insula t ion Co. produced vermiculite insulation from the late 1940s through the 1970s,
according to vermiculite shipment records from W.R. Grace's Libby, Mont. mine.
Former employees stated that the company pi l ed vermiculite in the vicinity of the plant during the
1970s.

A f t e r Robinson Insula t i on s t opped manufacturing insulations, the property was sold to a company that
operated a retail insulation business. In 1986, J e s s e n Insulat ion Co. purchased the property. The
company handled bagged vermiculite insulation and sold it to the local community. The City Parks
Department, the p r o p e r t y ' s current owner, purchased the site in 1993.



Site I n v e s t i g a t i o n and C l e a n u p Activi t i e s
On Feb. 2, 2000, EPA, the Hazardous Waste Program Coordinator from the N o r t h Dakota
Department of H e a l t h , and three representatives from the City Parks Department, v i sua l ly inspected the
site. There were no obvious p i l e s of vermiculite insulation or ore. In addi t ion, there was no indication
of any former furnaces, stacks, hopper s , or silos.
EPA returned to the former Robinson Insu la t i on site on S e p t . 21, 2000, to conduct a closer inspection
of the bu i ld ings and grounds. A close visual inspection of the grounds revealed vermiculite in numerous
locations. Vermicul i t e also was seen in dust near inside one of the buildings. However, the building
was c l o s e ly packed with park equipment, thus EPA was not able to inspect the entire bu i ld ing to see if
there was more vermiculite inside the building.
Six shallow s o i l / d u s t composite sample s were co l l e c t ed from locations where vermiculite was seen.
S a m p l e analysis showed that all samples but one contained two percent tremolite asbestos. The
analysis of the f i r s t sample showed trace l eve l s (i.e., less than one percent) of tremolite asbestos.
EPA is considering a Comprehensive Environmental Response, Compensation, and L i a b i l i t y Act
( C E R C L A ) order to cleanup the site because of the large scale of the p r o j e c t . EPA plans to begin
remediation activities, such as excavation or capping, in late 2001.
Other Invo lved Parties
EPA is keeping local health department o f f i c i a l s informed about the site and the cleanup process. In
addi t ion, the regional Agency for T o x i c Substances and Disease Registry (ATSDR) is conducting a
study on the past health e f f e c t s in the adjacent neighborhood from the exposure to vermiculite.
For More I n f o r m a t i o n
Joyce Ackerman
EPA Region 8 ( 8 E P R - S A )
999 18 th Stree t , Suite 500
Denver, CO 80202-2466
303-312-6822
ackerman. j o yce(2),epa. go v
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U t s b y

W.R. Grace Vermicu l i t e Mine
Libby, Montana
December 13, 2000
I n t r o d u c t i o n
The W.R. Grace Vermicul i t e Mine in Libby, Mont, once
produced approx ima t e ly 80 percent of the world's s u p p l y
of vermiculite. The historical extraction and processing of
vermiculite ore released f ibrous form amphibole asbestos The W.R. Grace V e r m i c u l i t e Mine in L i b b y ,
into the environment, pos ing a threat to human health. Mont., is located on S t a t e Road 2 in the
Although the mine closed in 1990, a large number of northwest corner of the state.
current and historic cases of asbestos-related diseases
have centered around Libby. When EPA sampled at and around Libby, a s igni f i cant amount of
asbestos-contaminated vermiculite (two percent to 10 percent asbestos by weight) was detected at two
former vermiculite processing p l a n t s , the screening plant and the export plant. EPA conducted
response activities at the screening plant and on a nearby road and is planning further actions in these
areas and the surrounding neighborhood. In addition, EPA is direc t ly overseeing removal actions and
fur ther sampling and analysis conducted by W.R. Grace. The site currently is used for non-asbestos
related business.
S i t e Background
Vermiculi te was f i r s t discovered outside of Libby in 1881 by gold miners. W.R. Grace purchased the
mine in 1963 from Universal Zonol i t e Insulat ion Co. In addit ion to the mining operations, W.R. Grace
also maintained an expansion operation onsite. Vermiculite expansion was the process of heating the
ore, usually in a dry kiln at 2,000 degrees Fahrenheit, until the water trapped in the crys tal l ine matrix of
the vermiculite boiled and expanded the material by a fac t or of 10 to 15. W.R. Grace abandoned the
expansion operation in 1981 and focused on mining for the next ten years.



In the mining operations, benef ic iated ore was trucked to the 21-acre screening p lan t , which separated
the milled ore into f i v e size-ranges for use in various products. From there, the materials were bagged
in the 11-acre export plant and then shipped across the country, mainly by rail, for either direct
inclusion in product s or for e x p a n s i o n / e x f o l i a t i o n prior to use in products.
At one time, there were approx imate ly 2,000 p e o p l e working at the mine and other place s in Libby.
A p p r o x i m a t e l y 150 to 200 p e o p l e worked at the screening plant and the export plant .
A f t e r W.R. Grace closed the Libby mine in 1990, the company sold the mine, the screening plant and
the export plant to three separate entities. The mine was sold to Kootenai Development Co., which
has done nothing with the mine. The screening plant is now a private ly owned primary
residence/nursery business cal l ed The Raintree Nursery. The export plant is currently owned by the city
of Libby which leases it to Millwork Wes t , a lumberyard and bui ld ing materials suppl i er .
The screening plant and the export p lant are located 300 yards to 400 yards from a residential area. At
one time, adjacent to the export plant were two baseball f i e l d s that attracted many neighborhood
children.
On Oct. 26, 2000, ATSDR released the preliminary results of health screening tes t s for asbestos
related disease that were conducted on 6,415 p e o p l e who lived or are l iving in the Libby area. The
preliminary results showed 313 p e o p l e with asbestos-related abnormalities (roughly f i v e percent to six
percent of those screened), inc luding 125 p e o p l e with heart related problems, 60 p e o p l e who showed
densi ty in lungs, and 35 p e o p l e who showed pleural thickening.
S i t e I n v e s t i g a t i o n and C l e a n u p A c t i v i t i e s
EPA is overseeing W.R. Grace's removal action in the export plant . With in the six buildings at the
export p lant , W.R. Grace is s t r ipp ing out the insulation, vacuuming the f i b e r s , and power washing the
interior wall s . T h e y also are replacing any wooden f l o o r i n g with gravel or concrete in the export plant.
To remedy the external asbestos contamination of the 11 acres of land, W.R. Grace is excavating
between 18 inches and 10 f e e t of soil, depending on the concentration of tremoli te asbestos, and
hauling it to the closed mine for d i spo sa l . Once the remedial activity is complete , W.R. Grace p lans to
cap the excavated area with clean soil from an adjacent uncontaminated area.
In the screening plant area, EPA demolished all existing structures-including one house, several
greenhouses, and other structures-excavated soil, and s t o ckpi l ed the debris on the property until a
suitable long-term di sposal site is i d e n t i f i e d . Although there will be no activity during the winter months
of 2001, EPA anticipates returning to complete the excavation, d i spo s e of the excavated material, and
conduct f inal restoration work on the property in Apri l 2001.
EPA plans to further evaluate of the results from the December 1999 to Apri l 2000 sampling of 121
homes, six school bui ld ings , and other potential asbestos source areas in Libby.



EPA will pave the contaminated Rainey Creek Road which was used during mining operations to
connect the mine to the screening plant. EPA ini t ia l ly capped it with gravel a f t e r sampl ing in November
1999, indicated the presence of asbestos, but the agency will pave the road as a permanent solution.
Communication and Outreach Act iv i t i e s
EPA is providing information on response activities regularly to the Libby Community Advisory Group,
the p e o p l e of Libby, and city council members. EPA s t a f f par t i c ipa t e in a j o in t EPA/community
meeting every two weeks, and on a weekly basis, answer questions on the Libby situation in the local
newspaper. In September 2000, EPA hosted a four-day publ i c mee t ing/conference , where
t o x i c o l o g i s t s , doctors, and f ed era l and state o f f i c i a l s discussed asbestos issues; 200 local p e o p l e
attended.
Other Involved Parties
A l s o involved at the Libby site are the Montana Department of Environmental Quality, Montana
Department of Public H e a l t h and Human Services, St. John's Lutheran H o s p i t a l , the city of Libby, the
Libby Community Advisory Group, and the Lincoln County H e a l t h Department. Local newspapers
have been covering the story for some time.
For More I n f o r m a t i o n
Paul Peronard (OSC)
MC 8EPR-ER
EPA Region 8
999 18 t h S t r e e t , S u i t e 300
Denver, CO 80202
303-312-6808
peronard.paul@epa. gov



SERA U . S . Environmenta l Prot e c t i on A g e n c y
Western Mineral Proces s ing/
W.R. Grace S i t e
Denver, C o l o r a d o
A p r i l 17, 2001
I n t r o d u c t i o n
The Western Mineral Proce s s ing/W.R. Grace S i t e is located
in an industrial area in Denver with residential and commercial
property a few blocks away. S a m p l e s taken by the U.S.
Environmental Protection Agency (EPA) confirmed the
presence of tremol i t e asbestos at the site. EPA plans to _, ... . ... . „ . ......r ^ The West ern Minera l P r o c e s s i n g / W . R .conduct a removal action in late 2001 under the Qrace S j f e j s |ocQfed jr) f ln i n d u s t r j a |Comprehensive Environmental Response, Compensation, andarea i n o enver( w h j c n s i tuated in the
Liabi l i ty Act. m i d d l e o f the state o f C o l o r a d o .
S i t e Background
Records obtained from W.R. Grace show shipments of vermiculite to Western Minerals Produc t s /W.R.
Grace from 1967 to 1988. However, these records may not be comple te and the period of operation
may be longer than the records indicate.
The f a c i l i t y property is paved with asphalt except for a strip of land located outside the f a c i l i t y fence on
the south side. The site consists of a large processing bui lding and a smaller o f f i c e building. In addition,
a rail line spur is located adjacent to the processing building, and there are three large silos.
Based on the presence of a glass debris l a n d f i l l underneath the property, the property might have been
used for a glass plant prior to the vermiculite operation which began operations in 1967. In 1990,
Liquid Sugars Inc. (LSI), purchased the property from Western Minerals Product s/W.R. Grace.
Subsequent ly, in 1996, the proper ty was purchased by Minnesota Corn Processors (MCP), a corn
syrup company, that is the current site owner.



The buildings at the corn syrup company are the same buildings that were used by the vermiculite
f a c i l i t y . The only changes MCP has made to the site was to add a storage tank.
When MCP acquired the process ing bu i ld ing in 1990 af t er it was vacated by Western Minerals
Product s /W.R. Grace, there were no p i l e s of debris or dust on the property. The s i lo s also were free
of debris. Prior to moving in, MCP did remove some asbestos insulation that had been ins ta l l ed in the
o f f i c e building.
Site I n v e s t i g a t i o n and C l e a n u p Act iv i t i e s
EPA evaluated the f a c i l i t y on Aug. 21, 2000. Vermiculi te was i d e n t i f i e d on the unpaved strip of land
outside the f a c i l i t y f ence on the south side. EPA took three shallow s o i l / d u s t composite samples on the
unpaved s tr ip of land. The analysis showed that the samples ranged from one percent to 12 percent
t r e m o l i t e / a c t i n o l i t e asbestos.
EPA intends to per form a Fund-lead removal action, such as excavation or capping, at the site.
Cleanup will begin in the winter of 2001.
Other Involved Parties
EPA is keeping local health departments informed about the site and the cleanup process. In addit ion,
the regional Agency for T o x i c Substances and Disease Registry (ATSDR) is conducting a study on the
past health e f f e c t s in the neighborhood from the exposure to vermiculite.
F o r More I n f o r m a t i o n
J o y c e Ackerman
EPA Region 8 ( 8 E P R - S A )
999 18 t h Stre e t , S u i t e 500
Denver, CO 80202-2466
303-312-6822
ackerman.iovce(q),epa.gov
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Vermicu l i t e -Northwe s t S i t e
Port land , Oregon
May 7, 2001
I n t r o d u c t i o n
The Vermiculi te-Northwest site is situated in an industrial
area ju s t northeast of the W i l l a m e t t e River in Portland, Ore)
The f a c i l i t y was used to manufacture, package, and store
commercial vermiculite insulation products. Dust sample s
taken by U.S. Environmental Protection Agency (EPA)
from interior ceilings confirm the presence of asbestos in
the bui lding. The current property owner is voluntarily
removing the asbestos from the site, a c e r t i f i ed asbestos
abatement contractor to p er f orm the cleanup work. The
work began Jan. 4, 2001, and addressed 3,750 f e e t of

Oregon

The V e r m i c u l i t e - N o r t h w e s t site is located
in an i n d u s t r i a l area north of P o r t l a n d , Ore.,
j u s t south of the W a s h i n g t o n state border,
where the W i l l a m e t t e and C o l u m b i a Rivers
converge.

rafters in the b u i l d i n g ' s ceiling. The Oregon Department of
Environmental Quality (DEQ) oversaw the cleanup work per formed by the owner.
S i t e Background
Documents indicate that the f a c i l i t y began operating in the 1950s under the ownership of Vermiculite-
Northwes t , Inc., and produced Zonol i t e , a commercial vermiculite insulation. In addition, the company
also manufactured acoustical plaster through a vermiculite expansion process. The vermiculite
expansion process involves heating vermiculite ore until water trapped in the crystall ine mixture boil s
and expands the material.
hi the late 1960s, the business was taken over by W.R. Grace and Co., which continued to operate at
the same address until 1996. Before vacating the proper ty, W.R. Grace pressure-washed the bui ld ing
to remove any asbestos.



The current property owner is Ci ty Liquidators, Inc., which leases the bui lding to Acme Scenic and
Display, Inc. and Gronholm Manufacturing. Acme Scenic and D i s p l a y constructs sets for movies,
television, and the theater. The company plans to vacate the f a c i l i t y before the cleanup work begins.
Gronholm Manufac turing fabricates pine dressers and other furniture.
S i t e I n v e s t i g a t i o n and C l e a n u p Activi t i e s
EPA personnel visited the Vermiculi te-Northwest site and conducted l imited sampling. The samples
were analyzed using transmission electron microscopy ( T E M ) and in two out of three samples asbestos
was detected at j u s t above the one percent threshold level. EPA also interviewed the proper ty owner,
current f a c i l i t y occupants, and a former Vermicul i te-Northwes t employee. As the lead agency pursuing
f o l l o w - u p activities at the Vermicul i t e-Northwes t site, DEQ is deal ing d i r e c t ly with the proper ty owner,
their contractor, and W.R. Grace, which is f inancing the cleanup work. DEQ is operating under the
authority of Oregon Administrative Rule 340 Division 248, which governs asbestos removal, and is
using the standard protocol for removal of 0.01 f i b e r s / cub i c centimeter for airborne asbestos. The state
expec t s no enforcement action at the site.
EPA currently does not have plans for future involvement with the site other than maintaining regular
communication with DEQ. However, the regional Agency for T o x i c Substances and Disease Registry
(ATSDR) s t a f f have been in contact with EPA Region 10 S i t e Assessment Program o f f i c i a l s regarding
a "draft" Public H e a l t h Vermiculite F a c i l i t i e s Response Plan. EPA's po s s i b l e future involvement with
the "draft" p lan is being discussed with ATSDR.
DEQ conducted a f inal asbestos abatement clearance inspection. Based on the inspection, DEQ has
determined the bu i ld ing s a f e for occupancy. Clearance was granted A p r i l 3, 2001.
For More I n f o r m a t i o n
Monica Tonel
U S E P A Region 10
1200 S i x t h Ave. ( E C L - 1 1 5 )
S e a t t l e , WA 98101
206-553-0323
tonel.monica@epa.gov
Kevin McCrann
Oregon Department of Environmental Quality
Asbes to s Program
2020 SW 4th Ave., S t e . 400
Port land, OR 97201
503-229-5473
mccrann.kevin(o),deq.state.or.us



U . S . Environmenta l Prot e c t i on A g e n c y
S u p r e m e Perl i t e S i t e
Port land , Oregon
May 7, 2001
I n t r o d u c t i o n
The Supreme Perli te Co . ' s f a c i l i t y , situated in a l ight
industrial area in downtown Port land, Ore., manufactured
packaged and stored commercial vermiculite insulation.
H i s t o r i c a l l y , the f a c i l i t y received vermiculite from South
A f r i c a n mines and from the W.R. Grace mine in Libby, ^ S u p r e m e P e r l i t e s i te is l o ca t ed in aA T t l i g h t i n d u s t r i a l area o f downtown

P o r t l a n d , Ore.
S o i l samples co l l e c t ed by the U.S. Environmental
Protection Agency (EPA) from areas along the exterior of the facility's manufacturing bui ld ing revealed
the presence of tremoli te-act inoli te asbestos. EPA is conducting a f o l l o w - u p investigation in Spr ing
2001 to: observe current conditions; determine whether additional sampling is necessary to gauge the
extent of asbestos contamination; and plan EPA's course of action, if necessary.
S i t e Background
Insula t i on manufacturing operations began at the Supreme Perli te site in 1960 under the ownership of
Frank Petterson, who remains the owner. Vermicul i t e was used in manufacturing operations through
the early 1970s. Currently the site is used to produce per l i t e , a volcanic g la s s product that does not
contain asbestos. The Supreme Perlite site is approximate ly one city block, and contains one bu i ld ing
that was used for vermiculite manufacturing. There is no documentation referring to vermiculite
production leve l s or how many p e o p l e worked at the site during the insulation manufacturing.



S i t e Inve s t i ga t i on and Cl eanup Activi t i e s
On Apri l 26, 2000, EPA contractor personnel visited the site and conducted limited surface soil
sampling where vermiculite was apparent on the ground and dust sampling inside the bui ld ing near the
former location of the vermiculite furnace and hopper. EPA analyzed the samples using transmission
electron microscopy (TEM) and detected asbestos in four of f ive soil sample s , ranging from trace l eve l s
to j u s t above the one percent level. EPA is coordinating its f o l l o w - u p investigation with the current
proper ty owner and provides regular update s on site activities to state and local authorities and the
Agency for T o x i c Substances and Disease Registry.
Personnel from the Oregon Department of Environmental Quality's (ODEQ) Asbes to s Program
accompanied EPA on their sampling visit and col lec ted their own samples. T h e s e samples did not
show any asbestos and ODEQ decided to take no further action.
The areas of contaminated soil i d e n t i f i e d by EPA during the screening assessment of the f a c i l i t y have
been addressed by the current property owner. In Apri l 2001, the proper ty owner conducted a
cleanup of the contaminated soil areas.
Other Involved Parties
Reporters from the Portland Oregonian were interested in the EPA and Stat e sampl ing e f f o r t s .
For More I n f o r m a t i o n
Monica Tonel
EPA Region 10
1200 S i x t h Avenue
S e a t t l e , WA 98101
206-553-0323
tonel.monica@epa.gov
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W a s h i n g t o nVermicul i t e -Northwe s t , Inc./

W.R. Grace S i t e
Spokane , W a s h i n g t o n
May 7, 2001
I n t r o d u c t i o n

T h e V e r m i c u l i t e - N o r t h w e s t ,The Vermicu l i t e -Northwe s t , I n c . / W . R . Grace site occupies o n e I n c / W R erace sitc j s |ocatedcity block in a mixed industrial and residential area of Spokane, in a mixed l i g h t i n d u s t r i a l and
Wash. Vermicul i t e-Northwes t Inc., manufactured, packaged re s iden t ia l area in S p o k a n e ,
and stored commercial vermiculite insulation. Soil samples Wash- in the southeastern
co l l e c t ed by the U.S. Environmental Protection Agency (EPA) corncr of the state"
along the exterior of the manufacturing bui lding revealed the
presence of tremolite asbestos. EPA is planning to collect additional soil samples to determine the
extent of the asbestos contamination in Summer 2001.
S i t e Background
Documents indicate that Vermicul i t e-Northwes t , Inc. began producing Zonol i t e , a commercial
vermiculite insulation that contains asbestos, in 1951. A former employee of Vermiculi te-Northwest
recalls that, at one time, there were 12 employees who worked at the f a c i l i t y , including hourly laborers
and sales peop l e .
W.R. Grace and Co. took over operations at this f a c i l i t y ; however, the date of acquisition is not
documented. A former Vermicul i t e-Northwes t employee recalls that, during the mid-1960s, bags of
f ini shed Zonol i t e product listed W.R. Grace and Company as the manufacturer. Another former
employee recounts that W.R. Grace closed the Spokane f a c i l i t y in 1973.
The current owner, Spokane County Engineers O f f i c e , purchased in the site in January 2000 and
leases the bui lding to Best Computers and Wilber t Vaul t Co. Best Computers uses a port ion of the
f a c i l i t y to store computer equipment. Wilber t Vault Co. uses another part of the proper ty to store



concrete forms. A portion of the f a c i l i t y is subleased to a l igh t ing s u p p l y company and to Les Scwab
Tires.
S i t e I n v e s t i g a t i o n and C l e a n u p Act iv i t i e s
On A p r i l 27, 2000, EPA contractor personnel visited the site, conducted soil sampl ing, and collected
insulation samples from the facility's attic and its east wall. EPA analyzed the samples using
transmission electron microscopy (TEM) and detec ted asbestos in seven soil samples co l l e c t ed from
locations along the exterior of the building. Detections ranged from trace l eve l s to ju s t above the one
percent level. The interior f a c i l i t y sample s showed "non-detect." The EPA contractor also interviewed
current f a c i l i t y occupants and a former Vermicul i t e-Northwes t employee. EPA is coordinating its
f o l l o w - u p investigation with the current property owner, bui ld ing occupants and nearby residents. EPA
Region 10 provides regular upda t e s on site activities to the state and local authorities and the Agency
for T o x i c Substances and Disease Registry.
Outreach Act iv i t i e s
Northwes t Cable Network N e w s interviewed the EPA on-scene coordinator (OSC) and featured the
Vermicul i t e-Northwes t , I n c . / W . R . Grace site in one of its t e levi s ion broadcasts. Since the t e l ecas t , the
OSC has received more than a dozen ca l l s from p e o p l e throughout the P a c i f i c Northwes t requesting
general information on this and other potential asbestos sites.
Other Involved Parties
Washington Stat e Department of Labor and Industr ie s have indicated a wi l l ingne s s to he lp with
outreach to the community.
For More I n f o r m a t i o n
Monica Tonel
EPA Region 10
1200 S i x t h Avenue
S e a t t l e , WA 98101
206-553-0323
tonel.monica(q),epa. gov


